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... to Boost Yield Per 


@ Obviously, the effective environment of a plant 
lies mainly within the reach of its roots and the 
shadow of its own foliage. Accuracy in a grain 
drill must therefore mean not merely consistent 
disappearance of so much seed per acre, but 
rather the consistent appearance of so many seed- 
lings in every foot of every drill row. 


By this criterion is based the long-standing 
assertion that Seedmeter . . . used in Case grain 
drills . . . is the “most accurate seeding mecha- 
nism made.” Fundamentally a fluted feed, its 
amazing accuracy with widely varying rates of 
seeding and kinds of seed comes from engineer- 
ing development of every dimension and detail in 
shallow flute-roll, roomy seed-cup, adjustable gate, 
ete. Especially valuable with fine seeds and low 
seeding rates is a design that maintains zero end- 


| 


Man 


play of metering roll, keeps its setting constant. 


This feature also affords considerable compen 
sation for wear. Coupled with generous bearing 
areas to minimize wear, it prolongs not only the 
life but the accuracy of the drill. Also, for re 
newed accuracy, is a “zero correction” that calls 
only for a tap with hammer or wrench afte: 
slacking a pair of nuts. 


The new Case low-wheel drills add rubber-tire 
speed to Seedmeter accuracy. They sow at mor 
uniform depth and hoppers are lower to fill. Th: 
rubber tires are less liable to cut in, ball up, o: 
raise dust. To accuracy for full yield per acre 
they add speed and convenience for extra acre: 
per day — all to enhance the thing that counts ii: 
farming today — high yield per man. 


J. I. CASE CO., Racine, Wis 
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The Only Tire That Takes 
“CENTER BITE” 


eae 


nc Se pEs 


AS THE owner or operator of a tractor you 
are entitled to know why the Firestone 
Champion Ground Grip is the only tire 


with connected, Triple-Braced, curved trac- 
tion bars. 

This is the answer—T he Champion Ground 
Grip is patented. 

Much as others would like to build a tire 
with the performance advantages and long 
life of the Champion Ground Grip, they 
cannot duplicate the Champion tread design 
which gives the Champion Ground Grip 
tractor tire the following advantages .... 


@ Up to 100% More Effective Cleaning 
@ Up to 62% More Drawbar Pull 
@ As Much as 91% Longer Life 


And because the Ground Grip tread is 
Triple-Braced, the traction bars can be made 
higher, stronger .. . to take a deeper, more 
powerful bite—a “center bite” right in 
the heart of the traction zone. 


When you buy a new tractor or replace 
the tires on your present tractor specify 
the one and only tractor tire that gives you 
all of the above advantages—the Firestone 
patented Ground Grip. 
Listen to the Voice of Firestone 
every Monday evening over NBC 
Copyright, 1948, The Firestone Tire & Rubber Co. 
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AGRICULTURAL ENGINEERING for April 1948 


Interest in Chemurgy 


ANY agricultural engineers are in close agreement with 
M farm chemurgic philosophies of abundant low-cost, high- 
quality farm production; maximum effective utilization of 
that production, and conservation of natural resources. 

Because most agricultural engineers are necessarily pre- 
occupied with other matters, it seems desirable to review the 
nature of agricultural engineering technical interest in chem- 
urgy. 

aWe are naturally interested in and will find out about and 
use as occasion arises, the improved and new engineering 
materials resulting from chemurgic progress. We have learned 
to look for them in such materials as glues, paints, plastics, 
structural laminates and panels, thermal and electrical insula- 
tion, and in metals processed with the aid of farm products. 

We are interested in the new chemicals which chemurgic 
progress makes available for farm use, and in the influence of 
such chemicals on farm equipment and structural require- 
ments. We have learned to expect new problems in provid- 
ing suitable farm facilities for storing and for applying new 
insecticides, fungicides, herbicides, and other new chemicals 
useful in farm production operations. 

A third technical interest of agricultural engineers in farm 
chemurgic progress may be slower in development, if not 
given conscious attention. It is in helping farmers to meet 
the raw material requirements of the farm product processing 
industries. 

Agricultural engineers have shared with the engineers and 
chemists of the process industries, an appreciation that suc- 
cessful processing often depends on meeting quite definite 
specifications as to the quality, condition, quantity, delivery, 
and cost of the materials to be processed. 

It does not appear that many of those concerned in the 
process industries have shared a corresponding appreciation 
of the things agricultural engineers might do to help farmers 
meet organic raw material delivery specifications. 

Processors seem prone to be guided by the “status quo” in 
farm production and marketing; to base their operations on 
existing markets and market grades of farm products, or on 
the collected wastes of established processes. 

This is a natural and sound development, as far as it 
goes. It is evident that it does not go very far toward the 
maximum development and utilization of the commodities 
and residues, present and potential, which agriculture is pro- 
ducing or might produce from present crops, improved va- 
rieties, or new crops and livestock. 

It does little toward upgrading the values of the low- 
value or nuisance residues of farm production which offer 
most room for upgrading. 

There are various good reasons for agricultural engineers 
and those concerned in industries processing farm products 
not having collaborated extensively up to the present. 

It is a demonstrated fact, however, that the application of 
agricultural engineering can do a great deal to influence the 
physical, chemical, and biological properties, cleanliness, con- 
centration, time, form, quantity, and cost of delivery of agri- 
cultural commodities and residues for use as raw materials 
in the processing industries. 

Engineering is involved in the soil conservation, tillage, 
pest control, harvesting, handling, separation, cleaning, dry- 
ing, grading, refrigeration, packaging, storage, and delivery 
factors influencing farm capacity to satisfy the material re- 
quirements of farm product processors. 

In some cases. further preliminary processing on farms 
may be made practicable by engineering, to reduce transpor- 
tation costs, bulk storage, and processing waste problems, and 
— on farms materials of greater value there than else- 
where. 

_ And the engineering planning of farm operations in rela- 
tion to mechanical, structural, and electrical operating equip- 
ment is pre-eminently the field of agricultural engineering. 


EDITORIAL 


While some support and personnel have been found for 
agricultural engineering work toward more fully satisfying 
the raw material requirements of the processing industries, it 
amounts to only a small start. 


And while agricultural engineers are already well occu- 
pied with recognized equipment application, refinement, and 
new development problems, they are alert to new opportuni- 
ties to help farmers serve present and potential markets. 

This leads us to believe that chemurgic progress, and the 
over-all economic service rendered by farmers, might be given 
a further boost by a fairly simple expedient. If more of the 
processors will make known to agricultural engineers their 
detailed specifications and tolerances for agricultura! raw ma- 
terials for their present or proposed processing operations, 
some agricultural engineers may be able to develop and in- 
troduce ways and means of better meeting those specifi- 
cations. 


. Considerations in Foreign Aid 


T LEAST two persons — one a member of the American 

Society of Agricultural Engineers — have had occasion 
recently to testify before the U. S. Senate Foreign Relations 
Committee in connection with its study of the European Re- 
covery Program. They represented significant numbers of re- 
sponsible American farmers and business men in presenting 
viewpoints on the Marshall Plan. In doing so they emphasized 
two points which surprisingly have not been adequately con- 
sidered in our previous foreign aid programs. 


Paul M. Mulliken, executive secretary, National Retail 
Farm Equipment Assn., presented a concrete plan to collect 
and make available serviceable animal-drawn farm imple- 
ments now idle on American farms, and suited to use on the 
prevalent small European farms with the man power and 
animal power there available. Agricultural engineers will read- 
ily see the point of the following two paragraphs from his 
statement: 

“It should be most readily apparent that modern power farm equip- 
ment such as is currently being built by our factories would be neither 
practical nor feasible on farms comprising 5, 24 or even 35 acres where 
the individual fields would be still smaller. The knowledge of farmers’ 
needs possessed by the farm equipment retailers of the United States 
convinces us that exporting huge quantities of tractors, combines, pick- 
up balers, and other power farm equipment to Europe is unsound. 
Even if ample supplies of fuel were available, there would be a short- 
age of trained operators, skilled mechanics, and adequate service facili- 
ties. This was proven in innumerable instances under the UNRRA 
program. 

“We believe that it is an unsound practice to attempt to completely 
mechanize western European agriculture overnight. Farm mechaniza- 
tion must be a progressive movement just as it has been here in the 
United States. We began to use power farming methods before World 
War I and haven't yet completed the job after more than a third of a 
century.” 

Here is an example, in one field, of the plain fact that the 
products of modern American technology and industry are 
not miracle-working universal tools. They can contribute to 
efficient production and economic recovery only when they can 
be fully and intelligently utilized under the conditions for which 
designed, to do a specific job which is one link in the chain 
of events necessary to efficient, specialized economic produc- 
tion and distribution. In most of the countries which need our 
help for recovery, conditions favorable to the effective use of 
our most modern equipment simply do not exist and cannot 
be quickly brought about. 

It is beyond the capacity of a 5Q-hp tractor, or even atomic 
power, to quickly change a peasant laborer, follower and vic- 
tim of the prevalent ideology in his area, into a self-support- 
ing, self-respecting, independent thinking, public-spirited prac- 
titioner of the abundant life for all. A good one-horse plow 
or hand hoe might readily be of far greater help to him to 
take one short step in that direction. Genuine help to other 
countries would naturally start with (Continued on page 178) 
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THAT’S THE TITLE of the third program in General Electric’s new 


farm electrification campaign, More Power to the American Farmer! 
And it’s being released now through local G-E Farm and Home Dealers 
and distributors. Its purpose is to help you show farmers all over the 
country the benefits they will derive from curing hay in the barn rather 


than in the field. 


The program features ‘‘“Green Hay,” a sound and color motion picture 
designed for presentation at farm meetings. This is supplemented by an 
attractive booklet for distribution to members of the audience at these 
meetings to summarize for them the important points of the film. Here 
are some of the big advantages this motion picture highlights—advantages 
for the farmer who barn-cures his hay: 


TR at. ali ee 


Economical Operation—Electric 
power to drive a blower in the mow 
costs only 75 cents to $1.50 per ton 
for the entire curing period. Necessary 
ducts and vents can be made out of 
cheap lumber, no special carpentry 
skill required. 


Better Quality Hay—Government 
tests show barn-cured hay is greener, 
more leafy than field-cured hay, and 
contains more proteins and carotene 
for better milk and meat production. © 


Lower Feed Costs—University 
findings prove that barn-cured hay 


allows a cow to eat 4 to 8 pounds 
less grain per day, and still maintain 


144 


50 pounds daily milk production. 


Grain savings run to $500 a year for 
25 cows. 


Less Worry About Weather— 
From mower to mow in 24 hours with 
barn hay curing. Surveys show that 
25% of America’s field-cured hay is 
lost or damaged in rain. With barn 
curing, hay can be brought in out of 
the rain. 


Less Worry about Fire Hazard— 
Cool air blowing through hay prevents 
hot spots, and practically eliminates 
threat of spontaneous combustion. 


@e 6 


Your G-E Farm and Home 
Dealer or distributor invites your 
active co-operation in setting up 
farm meetings in your area to 
present this program. The first two 
programs in the More Power to 
the American Farmer campaign, 
“Wired for Life’ and ‘Running 
Water on the Farm” are still 
available, too. See your dealer 
or distributor today! Get the ball 
rolling in your community. Farm 
Industry Division, General Elec- 
tric Company, Schenectady 5, N.Y. 
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Radiation Uses and Needs in Agriculture 
By John E. Nicholas 


MEMBER A.S.A.E. 


GRICULTURE is our basic industry, the principal func- 
tion of which is the production of food from plants. 
Plants are requisites to man’s existence. The food that 

he eats comes either directly or indirectly from plants. Much 
of his clothing comes from them, and plant products are used 
to a considerable extent for man and animal shelter and for 
manifold other purposes. Anything, therefore, that interferes 
seriously with man’s attempt to grow crops interferes with 
the existence of the human race. 

It is obvious that among the greatest hazards in crop pro- 
duction are unfavorable weather, plagues of insect pests, and 
plant disease epidemics. Any one of the three can upset the 
calculations of crop production with catastrophic suddenness. 
Whether the principal aim is maximum total production in a 
country as a whole, restricted total production with efficient 
production per unit area, or stability of roduction, violent 
and unexpected fluctuations are most likely to be caused by 
weather, pests, or diseases. This has been true for centuries, 
and despite man’s best efforts to minimize the effects of these 
destructive agents through science, they still provide problems 
that challenge our intelligence and ingenuity. 

Great progress has been made in devising methods for pre- 
venting destructive diseases, but despite all the advances, dis- 
eases still cost the farmers of the United States about a billion 
dollars annually1*. In recent years, studies of phenomena 
accompanying application of high-frequency currents to bio- 
logical materials, such as small animals, insect pests, bacteria, 
fungi, plants, seeds, etc., have uncovered methods of promis- 
ing practical usefulness?. Much research work has already 
been done on the action of various types of radiant energy, 
such as gamma, X, and Roentgen rays, radium emanation, 
ultraviolet rays, visible light spectrum, and infrared light on 
living things. (See appended references 3, 4, 5, 6, 7, 8, 9, 10, 
1, 12, 13, 14, 15, 16, 17,. 18, 19). 


ULTRAVIOLET RADIATION IN AGRICULTURE 


The effect of radiation, in general, is directly proportional 
to its absorption. It is now generally accepted that nearly all 
bacteria and fungi may be killed or attenuated by ultraviolet 
energy of certain wave lengths but that different species vary 
considerably in their rate 
of destruction. 


Radiation from mer- 
cury lamps, which pro- 
duce rays?° largely in 
the region of 2537 A 
(Angstrom units), have 
the highest bactericidal 
Properties and the least 


This paper was presented 
at the winter meeting of the 
American Society of Agricul- 
tural Engineers at Chicago, 
Ill, December, 1947, as a 
Contribution of the Rural 
Electric Division. 

JouN E. NicHoLas is 
Professor of agricultural en- 
gineerins, Pennsylvania State 
College, State College, Pa. 


*Superscript numbers re- 
fer to appended references. 


An application of radiant energy in brooding chicks. (Date, January 1942. 
Average temperature, 12F outdoors) 


erythemal effect. Such lamps?* recently have found extensive 
use in the sterilization of air and of surfaces of contaminated 
rooms, food wrappers, food, and liquid containers. 

Thus in agriculture we have already put this type of radia- 
tion to use in poultry laying houses, meat-aging rooms in 
locker plants, food storage rooms, and small animal pens. 
Use of radiant lamps of this type may well be extended into 
milkhouses and milk utensil racks, calf pens and pig litter 
colony houses, brooder houses and incubators, isolation wards 
for groups of young or sick animals, cheese-aging and storage 
rooms, silos and grain bins, clothes closets and washrooms, 
shoe trees for the farmer, and milk pasteurizers. 


Middle Ultraviolet Rays. The type of radiation which 
most effectively produces erythemal rays (sun tan) has its 
value in the production of vitamin D in living tissue of the 
skin of animals, the epidermis of plants, and in non-living 
materials?!. Its use in supplementing natural vitamin D for 
fowls or farm animals, as well as in the irradiation of animal 
foods, deserves great consideration. 


Black Light Radiation. All substances absorb light, usually 
over a characteristic range of wave lengths, and many emit 
or re-emit such radiation. This emission phenomenon is known 
as luminescence??. Luminescence is a property of solids, 
liquids, and gases and may be divided into (a) fluorescence, 
if it lasts during the period of excitation only, and (b) phos- 
phorescence, if it persists when the exciting source is removed. 
The wave length, 3650 A, is the principal line which is high 
in effectiveness for the usual fluorescent materials. 

Some practical uses of fluorescence on the farm and in the 
handling of farm products are in differentiating various strains 
of grains; in classifying sound seeds and in the removal of 
old or damaged seeds; in determining the presence of bacteria 
or molds produced by storage on grains, seeds, foods, or 
other products; in sorting potatoes, beans, fruits, berries, and 
other crops; in examining the hides, hoofs, and wools of ani- 
mals, and feathers of fowls for pathologic conditions, espe- 
cially of a fungus nature, and in detection of molding in grain 
and fodder; in comparing oils, fats, and fertilizers, and in 
candling eggs, etc. 

INFRARED RADIATION 


Electrical energy in 
the form of infrared 
rays’® offers a conven- 
ient and flexible method 
of drying or therapy in 
that a suitable degree of 
heat, both as to intensity 
and amount, can be easi- 
ly obtained. The efficien- 
cy of process drying or 
body therapy by the in- 
frared rays obtainable 
from heat lamps is due 
in large part to the pene- 
trating characteristics of 
wave lengths between 
6,500 and 14,000 A. 

Present, practical, and 
accepted applications of 
radiant heating in agri- 
cultural practices include 
its use in brooders for 
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chicks and pigs, in animal and human therapy, in supple- 
mental heaters, in dehydration of fruits and vegetables, in 
sexual stimulation of fowls, in cotton drying during the gin- 
ning process, in orchard frost prevention?’, and in farmhouse 
heating. 

The flexibility and the ease of control in amount and in- 
tensity of infrared radiation, as obtained from present types 
of available lamps, forcibly suggest two additional applica- 
tions. One is for infrared drying of newly threshed or com- 
bined grains and seeds before storage, to prevent spoilage 
from excess moisture and possibly to reduce contamination 
from smut, rusts, or fungi. It is in this field of application 
that infrared radiant energy offers one of the most useful, 
beneficial, and efficient services it can render. The other is 
for the conditioning for safe storage of forage crops. The 
use of infrared radiation for drying of hay, because of inher- 
ent advantages over the use of blown air, deserves our most 
careful consideration. The combined use of infrared and ul- 
traviolet rays for conditioning, disinfesting, and disinfecting 
grains and forage challenges all our talents and efforts. 


HIGH-FREQUENCY USES IN AGRICULTURE 


The use of high-frequency fields in agriculture may in- 
clude applications to biological materials such as bacteria, in- 
sect pests, and animal organisms, and to plants and plant 
parts, including seeds and plant tumor tissues. 

Investigators the world over have shown that insect pests, 
fungi. and bacteria may be destroyed by radiant energy or 
heat induced by the passage of electronic radiation. Damage 
caused by various cereal and grain weevils can be controlled. 
Wood-destroying fungi may be destroyed. Seed-born path- 
ogenes (bacteria and fungi) may be destroyed on or in seeds, 
without injury to the power of germination. Work has been 
done with high-frequency electrostatic fields for the steriliza- 
tion of insects in packaged materials, particularly stored foods 
and feeds. The term sterilization in this sense means the kill- 
ing of insects in the various media. However, in the applica- 
tion of high-frequency radiation “secondary effects” are pos- 
sible, such as modification of rates of reproduction or rates of 
development of plants and animals and the development of 
new breeds or species.28 

The application of high-frequency radiation to problems 
in biology has occupied the attention of a great many work- 
ers ii medicine, microbiology, plant physiology, and path- 
ology, and more recently entomologists have been interested 
in developing electronic control of insect and small animal 
pests. 

Effects of High-Frequency on Men and Animals. Men and 
animals when exposed to high-frequency radiation are found 
to respond to it by a rise in body temperature. Artificial pro- 
duction of fever in man or animal thus can easily be accom- 
plished by means of ultrashort currents employed as a thera- 
peutic agent. 

Effects on Insects. The effects produced by high-frequency cur- 
rents on insects are obviously of great economic importance. 
Bean weevils and flour moths have been killed. Grubs of the 
Japariese beetle subjected to oscillating current of 3,000,000 cycles 
per second (100 meters) died in 60 to 180 sec when subjected 
to voltage gradients of 4,000 and 6,000 v per in, respectively. 
The adults, larvae, and pupae of insects feeding on stored 
products have been successfully eliminated by exposures to 
high-frequency fields. All stages of bean weevil were killed 
without harming the seed when exposed to a field strength 
of 4,000 v per in. 

Mites, which are more resistant than weevils, when ex- 
posed to electro-magnetic waves of 60,000,000 cycles per sec 
(5 m) and a voltage gradient of 8,000 v per in were found to 
perish in 2 min. 

Effects on Plants and Seeds. The effect of high-frequency 
currents on seeds has been found to definitely stimulate germi- 
nation under some conditions. Work with frequencies from 
750,000 to 14,778,000 cycles per second were observed by 
Headlee?*. No injury to wheat seeds within the range of 
750,000 to 3,000,000 cycles per second was noted, even at 80 
min exposure. Kuperman* investigating the effect of high- 
frequency currents of 7 to 8m with a voltage gradient of 


Infrared rays supply the energy necessaiy for drying seed on this belt- 
type drier. The operation of this machine may be made automatic 
to meet varying seed moisture conditions 


1,200 v per sqcm on yield, weight and general growth of cu- 
cumbers, tomato and cotton seed, found that cucumbers treat- 
ed for 10sec showed an average of 23 per cent increase in 
yield per plant, as well as an increase in dry weight of plants. 
Seeds treated for 5 sec gave plants which began to bear fruit 
nine days earlier than the checks. 

Tomato seeds exposed for 5 to 10 sec, at the same voltage 
gradient, began to fruit 11 days earlier than the checks. Cot- 
ton seeds treated for 2 to 5 sec gave plants that formed flower 
buds 8 to 10 days earlier than the checks. 

Webber et al25 report the results of high-frequency radia- 
tion on adults and larvae of flour beetle. The insects were in- 
troduced into a standard package of plain cardboard contain- 
ing 147 g of sifted bleached wheat flour. These investigators 
pointed out that for practical purposes the field applied—1200 
to 1700 v per cm at 11 megacycles per second—must be strong 
enough and applied long enough to give a 100 per cent lethal 
effect, because partial injury cannot be relied upon as a means 
of attaining effective control. 

Sherman2* found that high-frequency radiation heated 
cocoa beans so rapidly as to shell them by a sort of explosive 
action and that continued heating released oils. This process 
is recognized as having great commercial possibilities in con- 
nection with many oily seeds. 

He further observed that, because of its uniform and speed 
heating effects, high-frequency radiation is ideally suited to 
dehydration and for disinfesting stored grain products. 

The loss due to insect damage in stored grains and in food 
in general may well be prevented by sterilization which appar- 
ently may be accomplished by electronic radiation. 

The future of agricultural electronics is limited only by the 
skill of man in putting it to work. 

It is almost a breath-taking conception but the irradiation 


- of soils by high frequency during plowing, resulting in the 


possible eradication of grubs, mites, insects’ eggs, and disease 
organisms, would provide an “enemy free” environment for 
crops to grow in. 


SUMMARY 

Radiation (electronics) provides a promising means of re- 
ducing losses in agriculture from insects and disease. 

Ultraviolet rays are used (a) to destroy micro-org. nisms, 
(b) to produce vitamin D and (c) to sort or select «gricul- 
tural products. 

Infrared rays are used (a) for dehydration of graias and 
forages, (b) for sexual stimulation of fowls (perhaps other 
animals), and (c) for therapy and general heating. 

High-frequency radiations are used (a) to destroy {isease 
and other objectionable organisms, (b) to create artifical fev- 
ers (therapeutic agent), (c) to kill insects and small «.imals, 
(d) to improve germination of seeds. 

The future of electronics in agriculture will be dete:mined 
by those who study it and put it to work. 


REFERENCES 
1 Stakman, E. C., Plant Diseases Are Shifty Enemies. American 
Scientist, vol. 35, no. 3, July, 1947, pp. 321-350. 
(Continued on page 151) 
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Functional Design of a Milkhouse 
By James S. Boyd 


MEMBER A.S.A.E. 


GRICULTURE in the state of Michigan is probably as 
diversified as anywhere in the United States. Its largest 
industry is dairying, which ranks sixth in the produc- 

tion of milk in the United States. In 1945 it had a cash in- 
come of 157 million dollars worth of milk, about 23 per cent 
of its annual farm income. 


Not all of this income would come via the milkhouse, but 
about 60 per cent of the annual milk supply, or 94 million 
dollars worth of milk, would be processed or cared for in a 
milkhouse. This volume of business, if carried on by industry, 
would surely require adequate housing for the equipment. 


During the period 1942 to 1946, the demand for milk prod- 
ucts increased, but the material available for repairs and addi- 
tions ‘o equipment was halted. Consequently the milk was 
handled under conditions not favorable to the production of 
high-quality milk. Some milkhouses were used as coverings 
for milk coolers, and related chores were accomplished some- 
where else. The distance between the barn and milkhouse in 
—_. 

This paper was presented at the winter meeting of the American 
Society of Agricultural Engineers at Chicago, IIl., December, 1947, as a 
contribution of the Farm Structures Division. Approved as Journal 
Article No. 933 (N.S.) of the Michigan Agricultural Experiment Sta- 
tion. 

James S. Boyp is assistant professor of agricultural engineering, 
Michigan State College, East Lansing, Mich. 
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Fig. 1 Computed floor area requirements for equipment items, in rela- 
tion to number of cans handled 
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many of these cases will vary from 50 to 200 ft, which is in- 
convenient. 

Now that materials are becoming available, new units are 
being constructed. These small unsatisfactory milkhouses are 
being replaced. In the next few years, it is quite possible that 
10,000 new milkhouses will be constructed in the state. For 
this reason a study of milkhouse design was inaugurated by 
agricultural engineers of Michigan State College. 


In the state there are about twelve large cities buying 
milk, in addition to many smaller cities and small milk plants. 
These markets have certain requirements for milkhouse con- 
struction which vary somewhat, and milkhouses are all sub- 
ject to inspection by state inspection officials, and it would be 
desirable to have some standard state-wide construction re- 
quirements. 

Before attempting to suggest a plan which would satisfy 
all the various markets, variations in the ordinances should be 
brought out to determine points of agreement and disagree- 
ment between the various markets. Copies of the ordinances 
of the larger markets have been collected and summarized. 
On many points there is close agreement, but on others there 
are differences of opinion. These ordinances do not always 
tell the complete story because inspectors may read in special 
interpretations. There is general agreement on items of equip- 
ment and procedure, but size and location of a milkhouse have 
not been definite, and there are differences of opinion on these 
last two points. 


© FARMER'S MINIMUM 
* ORDINANCE RECOMMENDED 
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‘et sce eoeseereee en 2 ane & 
CAPACITY NO OF CANS 


Fig. 2 Comparison of farmers’ estimates, legal requirements, and calcu- 
lated minimum floor areas for milkhouses 
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Fig. 5 Experimental milkhouses permitting reduction of space to deter- 
mine practical minimum 


In any milkhouse there are three functions which must be 
provided for. The first is a place where milk can be handled 
and stored in such a manner as to prevent contamination, ab- 
sorption of odors, and increase of bacteria. As soon as the 
milk comes from the cow it should be taken to the milkhouse 
and strained. After the milk is strained, it should be cooled 
immediately, in order to produce a milk of low bacteria count. 
If milk can be cooled to 50F (degrees Fahrenheit) within 60 
min after it comes from the cow, rapid growth of bacteria can 
be prevented. 

The second function is to provide some convenient place 
to clean the equipment used in the handling of milk. A kitchen 
is not the place to wash milk-handling utensils. A great deal 
of time can be wasted in carrying utensils between the barn 
and house if the washing is done in the kitchen. With a milk- 
house, all the inconvenience and trouble can be taken from 
the house. Then, too, all the brushes, scouring powders, dis- 
infectants, etc., will be used because they will be convenient. 
If a farmer takes an interest in his enterprise and uses the ma- 
terials available, he can do a better job of washing and steri- 
lizing than his wife. Prompt washing of utensils makes the 
task easier. One farmer spent 6 min in his milkhouse to dis- 
assemble, wash, and sterilize all of the utensils used for milk- 
ing. 
The third function of a milkhouse is to provide some place 
to store the clean utensils between milkings. Regardless of 
how well utensils are washed, they will get dirty if not stored 
in a clean place. 

To provide for this, a milkhouse should include four units 
of equipment: a milk cooler, a can and utensil rack, two wash 
vats, one for washing and one for rinsing, and a water heater. 
In some cases other equipment is desirable but not necessary. 
In cold climates, where water will freeze in the milkhouse, a 
space heater will be necessary to make the milkhouse usable 
the year around. Fig. 1 shows the space requirements for 
these four units of equipment. 

Space for a water heater and wash vats is constant within 
the range of two to fourteen cans of milk daily. These are the 
sizes of output in which we are interested. The floor area for 
these units was determined by measuring three standard brands. 
It was found that there was little variation in the dimensions. 

The space for can racks and milk coolers varies with the 
number of cans produced. Comparisons were made on the 
basis of cans produced rather than the number of cows milked 
because of the wide variation in the production of herds. Re- 
ferring to Fig. 1, the floor area for the cooler was determined 
by investigation of eleven different makes. This area repre- 
sents the space necessary for one unit to handle the number of 
cans shown. If two smaller units are substituted for a large 
unit, this space will be somewhat larger. The space for can 
racks was calculated assuming that cans would be stored in 
pairs, one above the other. 

The floor area necessary for operation was determined as 
follows: A working space of 2 ft wide was allowed in front 
of a double wash vat. Floor space for setting three pails and 
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Fig. 6 Relation between working time in milkhouse distance from barn 
and number of cows milked 


two milkers was allowed, plus 4 ft in front of the cooler for 
working space. This work area was plotted as show in Fig. 2. 
The total of equipment area and work area would be the cal- 
culated floor area of the milkhouse. It was found that this 
area was somewhat less than the farmers themselves consid- 
ered a minimum. In Fig. 2, the line representing the ordinance 
recommendations is the average of the farmers’ minimum al- 
though there is not close correlation in the farmers’ sugges- 
tions. This chart would indicate that the farmers may be fol- 
lowing the milk ordinances. This minimum size suggested by 
the farmers may not be a true minimum because the farmer, 
ii a majority of cases, considered the size of his present milk- 
house as a minimum. It was observed that many of the milk- 
houses provided convenient places for collecting trash. 

Figs. 3 and 4 show two of three floor plans for types of 
milkhouses which will meet the requirements of the milk 
ordinances in the state. These plans provide sufficient room 
for the necessary operations, but in many installations they 
also provide room for trash as mentioned before. The mini- 
mum calculated size will have to be demonstrated in actual 
practice before it will be accepted by the milk inspectors. An 
experimental milkhouse has been constructed on the Michigan 
State College campus as shown in Fig. 5. It is larger than the 
minimum but is arranged so we can reduce the size to deter- 
mine whether or not the minimum size is sufficient. 

During visits made to various farms, it was found that 
many of the milkhouses were used merely to house the milk 
cooler. Many farmers used the milkhouse solely for this pur- 
pose and carried on the other operations either in the house 
or in the barn. In many cases the housewife washed the 
utensils. 

It was found in chore route studies that the time spent 
in the milkhouse was inversely proportional to the <istance 
between the barn and the milkhouse. This distance had more 
effect on the use made of the milkhouse than the number of 
cows milked, the number of cows handled, or the flour area. 

Fig. 6 represents the relation between time spent in the 
milkhouse and distances between the barn and mi/<house. 
There is close correlation between these two factors. I he two 
points farthest from the curve are special cases. One {armet 
had the milkhouse 90 ft from the barn, but he spent nearly 
60 min per day operating a small portable cooling uni: which 
he had to dip from can to can. Another farmer had h:: milk- 
house connected to the barn, but he carried all the utensils to 
the house to be washed and used the milkhouse as storage 
for the equipment. 

This does not indicate that farmers using their mi! \!,ouses 
the longest time were inefficient in the use of labor; in fact, 
the farmers spending the most time in the milkhouse were 
usually the most efficient. 

From investigations thus far, it seems desirable to have 
the milkhouse connected directly to the barn if possib!c. This 
would have the advantage in cold climates of preventing 
freezing in the milkhouse. For smaller herds the size of milk- 
house could be reduced and still be satisfactory. 
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Adapting Cribs for Corn Drying 


By Leo E. Holman 


. MEMBER A.S.A.E. 


RTIFICIAL drying of high-moisture ear corn in farm 
cribs for feeding or commercia! sale is a new develop- 
ment and only a few cribs have been built especially 

for artificial drying. Existing cribs can be adapted for fan 
drying but present individual problems of adaptation because 
no consideration was given to artificial drying when they were 
built. 

This paper deals with the adaptation of cribs for drying. 
It is based on several years’ work with farmers done coopera- 
tively by the Division of Farm Buildings and Rural Housing, 
Bureav of Plant Industry, Soils and Agricultural Engineering, 
USDA. and the agricultural engineering departments of the 
Illinois. Indiana, and Iowa agricultural experiment stations. 

Most cribs can be filled in the usual manner and prepara- 
tion made for drying after the crib is filled. There are ex- 
ceptions, especially in cases where ventilators have been in- 
stalled for natural drying. These ventilators may affect the air 
movement when artificial drying is used, and it may be neces- 
sary to remove them, or block them, before filling the crib. 

For existing cribs it is considered best to prepare them for 
fan drying in such a manner that they can be readapted for 
natural drying. Some natural air drying may be desirable even 
though artificial drying becomes a regular practice. With the 
increasing use of artificial drying, crib designs may change un- 
til the crib becomes essentially a drying bin. Field picker- 
shellers and shelled corn drying may even tend to eliminate 
the farm corn crib at some future time. 

The following principles concerning the adaptation of cribs 
for drying have been reasonably well established within the 
past three years: 

1 A uniform flow of air through the corn is essential; air 
must travel equal distances through the corn in all parts of 
the crib to accomplish this purpose. Sections of the crib will 
generally have to be made airtight. Either reinforced paper or 
canvas ar€ satisfactory for sealing; wood, steel, or other ma- 
terials may be used to some extent. 

2 It is desirable to supply air through a single duct or 
plenum chamber from which it is forced through the corn. 


This paper was presented at the winter meeting of the American 
Society of Agricultural Engineers at Chicago, IIl., December, 1947, as 
a contribution of the Farm Structures and Rural Electric Divisions. 


_ Leo E. Homan is agricultural engineer, division of farm build- 
ings and rural housing (BPISAE), U. S. Department of Agriculture 
(stationed in the agricultural engineering dept., University of Illinois, 
Urbana). 


AuTtHor’s Note: Acknowledgment is made to H. J. Barre, head, 
agricultural engineering dept., Purdue University; D. G. Carter, pro- 
fessor of farm structures, University of Illinois; Thayer Cleaver, agri- 
cultural engineer, W. V. Hukill, senior agricultural engineer, and C. K. 
Shedd, agricultural engineer, Bureau of Plant Industry, Soils and Agri- 
cultural Engineering, U. S. Department of Agriculture, for some of the 
methods and results reported. 
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Fig. 1 Double cribs with overhead bins can be readily adapted for 

forced drying. The driveway when used for the main duct provides 

ample cross-sectional area for desirable low air velocities. Both ends 

are sealed and the drier installed in one end. Air blown into driveway 

Moves through cribs as indicated by arrows. Equal distances for air 

travel to corn surfaces are important; therefore, distances A should be 
about equal after allowing for settling 


Using several ducts increases the difficulty of obtaining uni- 
form air flow. 

3 The main plenum chamber should be of sufficient size 
to provide a cross-sectional area of one square foot for each 
1,000 cu ft of air flow per minute. Smaller main ducts give 
high velocities causing air to move to the far end of the duct, 
resulting in faster drying in that section than near the fan. 
Shelling trenches or other ducts with small cross-sectional areas 
are not recommended as main ducts because of the resulting 
high velocities. 

4 Ventilators should not be placed in cribs prior to or 
during filling unless they will assist in providing uniform air 
flow through the corn. Improperly installed ventilators may 
do more harm than good by making it impossible to get even 
distribution of air. 

5 Ear corn should be husked as clean as possible and 
shattered or shelled corn removed before cribbing. Frequent 
moving of the elevator spout assists in getting even distribu- 
tion of husks, silks, dirt, and broken or shattered shelled corn. 
The air will by-pass areas where this debris accumulates. 

A number of examples of crib preparation and adapta- 
tions as used in the corn belt are discussed and illustrated in 
this paper. 

Double Crib with Overhead Bins (Fig.1). This common 
crib type is readily adapted for fan drying. The driveway is 
satisfactory as a main duct, because of its large cross section. 
Both ends are sealed and the fan mounted at one end. Air 
blown into the driveway passes through the corn to the outer 
walls or to the upper surface of the corn. 

To secure uniform air movement through the corn, end 
walls of the crib are sealed, or, as an alternative, crib walls 
in the driveway are sealed, beginning at the end and extend- 
ing back a distance about equal to two-thirds the width of the 
crib. Sealing the ends gives the best air distribution, although 
this requires more material. Generally, the ends can be sealed 
permanently without seriously affecting natural ventilation. 

The depth of corn above the level of the bin floor should 
be about equal to the width of the crib with allowance made 
for settling as the corn dries, especially in deep cribs. Where 
height of settled corn above the bin floor is less than crib 
width, the upper part of the driveway is covered. Where 
height of corn is greater, bin walls are slatted to equalize the 
air path through the corn. 

Seven cribs of this type have been observed during the past 
two years and two cribs adapted in 1946 were studied again 
in 1947. In these two cribs the driveway walls were sealed in 
1946. Although the drying in the corner areas was sufficient 
to prevent spoilage, the owners believed that sealing the ends 
would give better results, so this change was made in 1947. 
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Fig. 2 Double crib without overhead bins. Driveway can be used as a 
main duct by sealing over the upper part of driveway. For drying one 
crib at a time a duct along the outside or inside wall is generally easier 
to build. Air blown into the duct moves through the crib as indicated 
by arrows. Distances A should be equal except for allowance made for 
settling. Better drying can be obtained by giving attention 
to contour of corn surface 
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Tests in these cribs, as well as in others, show that sealing the 
end walls is desirable from the standpoint of uniform drying. 

Observations have shown the importance of depth of corn 
and also the contour of the upper corn surface. Cases have 
been reported where the corn at the top of double cribs with 
overhead bins has not dried at all, while at the same time 
corn in the lower part of the crib has been dried more than 
necessary. The depth of corn above the bin floor was too great 
for uniform air flow. 

In similar cribs where the corn surface has been level, corn 
near the surface next to the overhead bin wall dried at about 
the same rate as corn in the lower part near the outer wall. 
At the same time, surface corn near the outside wall contained 
2 per cent more moisture. Drying has been much more uni- 
form where the surface has been given a slope similar to that 
shown in Fig. 1. 


Farmers having double cribs may prefer to dry only one 
crib at a time. In some instances, one driveway wall was 
sealed and all of the air forced through one crib; in other cases 
a canvas loosely covering a crib wall was used as the main 
duct (Fig. 2). This method is simpler and better than the 
method of using the driveway in drying one crib where over- 
head bin floors are not tight, or where it is difficult to seal 
driveway walls immediately below the bins. Duct tightness is 
important to prevent air leakage; the canvas should be as air- 
tight as possible. 


In some double cribs it was found impractical to use the 
driveway as a main duct because of an inside elevator that is 
needed to handle corn into and out of the crib. Then a duct 
built alongside or within the crib was suggested. The main 
duct along the side of the crib is preferable to the duct through 
the center, not only to provide uniform air flow through the 
corn but also to avoid reducing the storage capacity. 


Double Crib Without Overhead Bins. The driveway of 
this crib type is also satisfactory as a main duct. As there are 
no overhead bins, it is necessary to seal over the driveway to 
prevent air leakage. End walls or driveway walls are sealed 
as in cribs with overhead bins. 

Where one crib is dried at a time it is generally easier to 
use a duct built alongside the outer or inner wall. A crib was 
studied with duct built along the outer wall. End walls were 
sealed, but the wall at the ends of the duct was covered to 
prevent air ‘‘short-circuiting” across the corners. Drying was 
satisfactory, though not entirely uniform. The main duct was 
not high enough to give adequate air flow through the corn 
at the top of the crib. The corn surface was not sloped as 
shown in Fig. 2, so drying.there was not uniform. The duct 
extended too near the crib ends resulting in faster drying there. 
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Fig. 3 A single crib can be adapted for forced drying by building a 
duct on the side of crib of light frame construction, covered with paper, 
canvas, metal, or wood. A canvas duct as illustrated in Fig. 2 may also 
be used. Air from the main duct moves through crib as indicated by 
arrows. Equal distances A and corn surface contour as again emphasized 
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Fig. 4 Single crib where crib width and corn depth were both 12 ft. 
Crib was adapted for forced air drying by sealing both ends, covering 
the surface, and attaching canvas to the back wall to form the main 
duct. Air blown into the duct moved horizontally through the entire 
crib as indicated by arrows 


Single Cribs. These can be adapted for artificial drying by 
constructing the main duct along the side or through the cen. 
ter of the crib. Outside ducts of canvas, paper, or wood as 
illustrated in Fig. 3 have been used with good results. With 
this method, also, end. walls or the side walls, at the ends of 
the main duct are sealed to insure uniform air flow. 

Observations were made in an unusually wide sinvle crib 
adapted for fan drying. As the crib width and corn dep:h were 
both about 12 ft, both ends were sealed; the corn surface was 
covered and a canvas duct covering one entire wall w:s used 
(Fig. 4). Air was then forced horizontally through the entire 
= Air distribution was quite uniform through the entire 
crib. 

Ducts or ventilators installed through the center of cribs 
should be large enough to provide low velocities and uniform 
air distribution. They can be used for natural and forced dry. 
ing if installed properly (Fig. 5). Where the ventilator is open 
at both ends, it assists natural air drying by dividing the crib. 
The ventilator is made ready to serve as the main duct for 
artificial drying by closing one end and connecting the drier to 
the other end. Air is forced out through both sides of the crib, 
This system is more satisfactory in cribs 8 ft or wider because 
of the space required. 

One crib studied was 16 ft wide and had a “dragway” or 
ventilator 20 in wide built through the crib center. The drag- 
way ends were sealed‘and the drier installed in one end. This 
type of crib is easy to adapt as little material is required for 
sealing. With uniform corn depths over the top of the venti- 
lator, air flow will be rather uniform. The effect of wind on 
drying rates was first noted in this crib. Drying was uniform 
during part of the drying period, but, after several days of 
wind from one direction, it was found that drying had been 
retarded on the windward side. 


Fig. 5 Vertical duct or ventilator through center of crib. Recommended 
for natural ventilation in single or double cribs. Can be used for forced 
drying if properly constructed, but is not as simple to prepare as the 
driveway or the duct alongside the crib. The duct should have a cross- 
sectional area of one square foot for each 1,000 cu ft of air delivered. 
Distances A should be about equal after allowing for setting 
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omen 
Fig. 6 Preparation of a curved-wall concrete crib for artificial drying. 
Somewhat more difficult to adapt than other common types be: use of 
the circular shape. Existing ventilators can be used but uniform aif 
flow is difficult to obtain because of uneven air paths through ‘he crib. 
Sections of ventilator must be sealed, baffles installed, and inlet duct 
enlarged to promote more uniform air flow. Sealing parts of the drive- 
way and forcing air through the unsealed portion as shown has given 
more uniform drying. Air then moves from open driveway section 
through the crib as indicated by the arrows 
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Fig. 7 A temporary round wire or snow fence crib can be readily 

adapted for forced drying by using an existing ventilator or by install- 

ing one as illustrated. Round ventilators are preferred, but are more 

dificult to construct if they cannot be purchased. Duct and ventilator 
should be of sufficient size for proper velocities 
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Fig. § Preparation of crib for artificial drying where shelling trench and 

vertical ventilators are used. Most shelling trenches or ducts of similar 

size arc too small to provide sufficient air volume at velocities of 1,000 

fpm or less. Dead-air spots causing uneven drying can be expected 
between the vertical ventilators 


Curved-Wall Concrete Cribs. This type of crib is more 
difficult to adapt for artificial drying than other common 
types. Uniform air flow is hard to obtain because of the crib 
shape. Limited tests indicate that good air distribution can be 
obtained by sealing parts of the driveway walls and forcing 
air through the unsealed section (Fig. 6). Air then moves 
through the corn in a fan-shaped pattern. Air flow will be 
satisfactory in the upper part if attention is given to corn 
depths and surface contours. : ‘ 

Ventilators customarily found in this type of crib have 
been used in artificial drying with limited success. Some modi- 
fications are generally needed to provide proper air velocity 
and uniform air flow. Where the shelling trench is used as 
the main duct, velocities are generally too high and drying 
is more rapid in the far end of the ventilator. Considerable 
attention is required to get uniform air flow through corn 
above the ventilator. Because of uneven crib sections, the 
ventilator requires sealing in certain sections to obtain better 
ait flow. 

Temporary Cribs. Temporary circular cribs of wire or 
snow fencing are easily adapted for forced air drying (Fig. 7). 
A ventilator at least 2 ft wide is placed at the crib center with 
an air duct leading from the crib wall into the ventilator. The 
depth of corn over the ventilator is important in obtaining 
good air distribution. Some farmers have indicated a prefer- 
ence for this type of crib for artificial drying over the use of a 
fegular crib. 

Crib with Tight Wall and Perforated Floor. Some cribs 
have been adapted for forced air drying by sealing all walls 
and providing a perforated floor above the permanent floor. 
The space between the floors serves as a plenum chamber. 
This method provides for uniform distribution as all air passes 
through equal thicknesses of corn. The cost of adaptation is 
relatively high and the crib becomes essentially a bin drier. 

The shelling trench, or a duct of similar size, has been 
used as the main duct in a number of cribs. Vertical venti- 
lators are set over the ducts to distribute the air through the 
corn (Fig. 8). Such systems are generally not too satisfactory. 
First, small main ducts cause velocities above 1,000 fpm in 
most installations. Uneven drying results with faster drying 
at the outer end of the duct and slower drying near the fan. 
Second, it is difficult to obtain uniform drying when using a 
number of vertical ventilators. Dead-air spots are likely to 
occur midway between each ventilator. Wet corn can be ex- 
pected in these spots unless the ventilators are less than 2 ft 
apart. Preparation of the crib is rather difficult and consider- 
able storage space is lost. 
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Radiation in Agriculture 
(Continued from page 146) 
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Fence Post Preservation 
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By George H. Dunkelberg 
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posts of longleaf and shortleaf southern yellow pine 
with water-soluble salts by the “trough” or sap-stream 
displacement method, and is based on an investigation con- 
ducted at the South Carolina Agricultural Experiment Station. 

The trough method of treatment, using green, freshly cut 
posts, is one in which the sap in the wood is displaced by a 
toxic solution of water-soluble salts. The post, with bark in- 
tact, is placed in a vertical position, with the butt end in the 
solution and the salts move slowly upward. After sufficient 
absorption has taken place, the post is reversed and the top 
end placed in the solution. After treatment is complete, the 
posts are stacked in a vertical position, butt end up, and al- 
lowed to airdry. During this curing period, the solution moves 
by gravity throughout the post. 

Investigations by the South Carolina Station have been 
limited to two of the more common water-soluble preserva- 
tives — copper sulphate and zinc chloride, the latter both plain 
and chromated. 

Longleaf and shortleaf pine were chosen because of their 
widespread availability, relatively fast growth, high percent- 
age of sapwood, and short life when untreated. Subsequent 
investigations by other experiment stations have shown that 
many other species of both hardwoods and softwoods may be 
similarly treated. 

The South is not as large a user of fence posts as some 
other regions of the country, but since livestock is on the in- 
crease many millions of posts are used annually. Concrete, 
steel, and pressure-treated wood posts are known to have a 
long life when properly handled, but the relatively high first 
cost of these posts prohibits their use by many farmers in the 
low income bracket. Because much of the area of the South 
is forested, native posts are readily available, but only a few 
species are of a durable variety, and the supply of these is 
rapidly diminishing. Nondurable species are very short-lived 
because of the activity of both decay and termites. 

The trough method of treatment shows promise for use by 
farmers as the process is very simple, little equipment is re- 
quired, peeling of the posts is unnecessary, and the cost of 
the preservative is low. 

The purpose of the investigation undertaken was three- 
fold, namely, (1) to determine the service life of posts treat- 
ed by this method, (2) to determine the procedure to be fol- 
lowed in treating to insure adequate protection against decay 
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Te paper deals with the preservative treatment of fence 


This paper was presented at a meeting of the Southeast Section of 


the American Society of Agricultural Engineers at Washington, D. C., 
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Carolina Agricultural Experiment Station, Clemson, S. C. 


and termites, yet one which would be simple enough to be 
easily followed, and (3) to determine the cost per post per 
year, including that of replacement, and the compar'son of 
this cost with that of posts treated by other standard methods. 

To determine the service life as soon as possible, test plots 
were established early in the investigation, even though the 
exact procedure to be followed in treating was not known. 
The first test plots established are now seven years old. 

Absorption studies were run concurrently with the test 
plots, to furnish more detailed information of the effect on 
the retention of dry salt per cubic foot of wood of such things 
as time of cutting and treating, size and density of posts, con- 
centration of solution, and methods of handling the posts dur- 
ing the treating process. 

Results of the shortleaf pine test plots are shown in Fig. 1. 
In addition to the determination of the average service life of 
treated posts, these test plots were set up to include a study 
of the effects of seasoning after treatment. Fig. 1 shows that 
all check (untreated) posts had failed at the time of the last 
examination. As a matter of fact, none of the check posts 
were capable of supporting a fence at the 1945 inspection, five 
years after being set. On the average, 53 per cent of the zinc 
chloride treated posts show no damage by either termites or 
decay. There is also a definite indication that a longer period 
of air drying is advantageous when this salt is used as a pre- 
servative. Fifty (50) per cent of the copper sulphate treated 
posts were in good condition at the 1947 inspection. With this 
salt, seasoning after treatment apparently has little effect on 
the service life of the post. Inspection of the test plots showed 
that most of the damage which occurs to treated posts is 
caused by decay, while termites are usually the major factor 
in the failure of untreated posts. 

The condition of the longleaf pine test posts at the 1947 
inspection is shown in Fig. 2. Here all but one of the check 
posts had failed at the end of five years. Termites were again 
a major factor. At the end of seven years zinc chloride treated 
posts are all classed as good; that is, they show no effect of 
damage by either termites or decay. Sixty (60) per cent of 
the copper sulphate treated posts are good, and again the fail- 
ures show no termite damage, but were caused by decay. It 
is interesting to note that a bad grass fire in 1944 damaged 
50 per cent of the copper sulphate treated posts, although 
none of the zinc chloride treated posts were injured. This in- 
dicates that a sufficient amount of zinc chloride is present in 
posts treated by this method to render them resistant to fire. 

Copper sulphate was one of the first preservatives used in 
this investigation and was known to be extremely corrosive 
to fencing material. For that reason an experiment was set 
up in an attempt to find a corrosion-resistant staple or wire. 
Fig. 3 shows the corrosion of staples used as fasteners on 


Left: Clipping the ends of the green pine posts prior to treating. This removes the accumulation of gum which tends to seal the ends of the 
posts @ Center: Mixing the post-treating solution in a wooden container. Two pounds of zinc chloride per gallon of water is the propet 
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ratio for pine posts e Right: Adding the solution to the container after the ends have been clipped. About two 


quarts of solution will treat the average size post 
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shortleaf pine treated with copper sulphate and with zinc 
chloride. The chart shows that zinc chloride treated posts 
are only slightly more corrosive than untreated posts. In- 
spections showed that the corrosion was more rapid at first 
on zinc chloride treated posts, but slowed after a few months, 
and has since progressed at about the same rate as untreated 
posts. On the other hand, the chart shows that copper sul- 
phate is severely corrosive. Over 60 per cent of the staples in 
the test have failed, and none of the staples in the test showed 
any significant resistance to corrosion. As a result, copper 
sulpha nte aS a preservative is not recommended in the treat- 
ment of posts where steel wire and staples are to be used. It 
was also noticed that corrosion was quite severe on both woven 
and barbed wire which was fastened to copper sulphate treat- 
ed posts. The staples always failed first, but corrosion of the 
wires followed closely and there are many failures evident in 
the test wire. 
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It was reasonable to expect copper sulphate corrosion might 
be less severe if the posts were properly seasoned after treat- 
ment. Fig. 4 shows the corrosion of polished steel staples for 
different seasoning periods. While the polished staples were 
damaged more severely than any of the zinc-coated staples, 
the effect of seasoning is representative for all. There is no 
significant effect in these tests due to seasoning. 

Absorption studies were started in 1941 and 1942 and a 
large number of quantitative chemical analyses were made on 
copper sulphate treated posts to determine the distribution of 
salts within the posts under various methods of handling. 
Fig. 5 shows that with a seven-day butt treatment, where the 
post was cured with the butt down, there is a high concentra- 
tion of salts at the lower end of the posts, which runs out 
rapidly toward the top end. However, there is a trace of salt 
throughout the entire length of the post. Posts which were 
given a seven-day butt treatment (Continued on page 156) 
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HE energy content of raindrops and their destructive 
effect on soil has been noted by a number of investiga- 
tors. Borst and Woodburn™ state, “Further evidence of 

the potent effect of drop impact is disclosed when supported 

mulch was quickly removed during a run. Soil concentration 
in the runoff increased sixfold.” This subject has been given 
wide study by Ellison? who defines soil erosion as follows: 

“Soil erosion is a process of detachment and transportation of 

loose materials by erosive agents.” 

Ellison® has further postulated and defined the sequential 
steps of detachment and transportation in a recent series of 
papers. 

It is not within the scope of this study to investigate the 
transportive process. The objective of this paper is to de- 
velop relationships between applied raindrop energy and re- 
sultant soil splash for several Mississippi soils in both natural 
structural condition and pulverized. 

Extensive preliminary studies were made with cups of pul- 
verized soil exposed to gradually increasing increments of nat- 
ural rainfall. Difficulties of servicing such an installation in 
order to break natural rains into increments and to secure de- 
sired number of data led to the decision of using artificial 
rainfall for this study. 

A small rain simulator was designed and installed in the 
attic of the soil conservation plot service building. The design 
of the rainfall applicator is essentially that developed in the 
hydraulic laboratory of the National Bureau of Standards by 
the Soil Conservation Service in 1936. This device employed 


This paper was presented at the winter meeting of the American 
Society of Agricultural Engineers at Chicago, IIl., December, 1947, as 
a contribution of the Soil and Water Division. This paper is also a 
contribution of the Division of Research, Soil Conservation Service, 
U. S. Department of Agriculture, and the agricultural engineering de- 
partment, Mississippi Agricultural Experiment Station, published with the 
approval of the Director of the Mississippi Station as paper No. 157 
New Series. 


RussELL WoopsurN is agricultural engineer, Soil Conservation 
Service, USDA, and the Mississippi Agricultural Experiment Station 
(P. O. Box 175, State College, Miss.) 


*Superscript numbers refer to appended references. 
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Fig. 1 Schematic drawing of raindrop applicator 


The Effect of Structural Condition on Soil Detach- 


ment by Raindrop Action 
By Russell Woodburn 


MEMBER A.S.A.E. 


Fig. 2 Relationship between total material 
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water direct from the campus mains piped to a small multi- 
ple-orifice nozzle of which the jets impinge upon a picce of 
window screen. The fine spray dropped from the scree: upon 
a cloth through which was threaded a large number 0: small 
pieces of darning wool. The water followed the wool t/ireads 
and formed drops at the end. A schematic drawing of the 
device is shown in Fig. 1. 

In starting a test with the wool threads dry it was found 
that water ran down the threads rather than saturating them 
properly. It was, therefore, necessary to treat the threads with 
a wetting agent, such as Vatsol K, just prior to a run. A mer- 
cury U tube manometer was attached to the water line just 
before it entered the nozzle. Pressure was adjusted to such a 
manometer reading that the nozzle delivered the desired quan- 
tity of water, namely, 14 gal in 2 min 35 sec. 

The 5.1-mm drops fell 12 ft to the soil cups or core cyl- 
inders below, which were placed upon a rotating table. This 
table turned at about 22 rpm and served to take all samples 
through the same raindrop pattern in order to offset any varia- 
tion of rain over the surface of the table. The rain intensity 
received in the cups was about 12 in per hr. 

For a test with the soil in a natural structural condition 
cores were taken in the field in cylinders of 314-in diameter and 
2-in depth using equipment designed by Woodburn and Jones‘. 
Twenty samples were taken of which four were reserved for 
moisture samples. The remaining 16 samples were subjected 
to raindrop action in general as follows: 


4 cores received 10 minutes rain 
4 cores received 20 minutes rain 
4 cores received 40 minutes rain 
4 cores received 60 minutes rain 


The amount splashed was computed from the dry weight be- 
fore the test as determined from field weight and moisture 
percentage and the ovendry weight after the test. 

The tests on the pulverized soil were conducted as follows: 
The soil was air-dried then pulverized on a concrete floor by 
rolling with a heavy pipe. It was then sieved through a |-mm 
N.B.S. sieve and oven-dried. Twelve cups 31 in in diameter 
by 2in deep were filled with the oven-dried materia! and it 
was then thoroughly wet by capillary action through small 
holes in the bottom of the cups. Three cups of the pulverized 
saturated soil were then subjected to 10 min of raindrop action 
followed by the remainder in sets of three for durations of 20, 
40, and 60 min. 


Fig. 3 Relationship between rate of splash 
and applied energy 
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TABLE 1. SPLASH LOSS FROM CONTAINERS OF SOIL AFTER VARYING APPLICATIONS OF RAINDROP ENERGY 
Weight of Soil Removed in Grams for Each Test Used in Analysis 


Duration of 
y appli- Luverne sandy loam Memphis silt Ruston subsoil Houston clay 
energy Pulv. 


cation, min American graded sand Pulv. ~*~ Cores Cores Pulv. Cores Pulv. Cores 


36 33 35 34 30 
33 3300 «2832 


58 59 «58 
53 
90 94 91 
86 
ulti- 104 
> of 115 
ae 0 138 
nall 123 
sads r, 173 
the 156 
171 
und - 
asta 205 214 179 162 152 144 140 144 76 99 
‘ith 214 135 127 151 128 150 62 65 
a 0 264 262 178 156 176 177 151 163 70 49 
ner- 264 214 220 159 173 102 76 
‘as *10 min, except Houston Clay pulverized which was 10.5 min and values 46 and 54 g on cores which was 12 min. 
, 2 Properties of the soils are given in Table 3. equations for these curves are shown in Table 2. It may be 
Ml Weights of material splashed out of the cans or cylinders seen (Table 1) that there was a high degree of uniformity in 
"i for all tests are given in Table 1. the data for the pulverized soil. The index of correlation was 
a Soil splash was plotted against time of rain application generally of the order of magnitude of 0.98 for these curves. 
a (used synonomously with énergy) for all runs. It was ob- There was considerably more variation in the data for the 
na served that an exponential relationship would fit the data for cores. The index of correlation for the Ruston subsoil cores 
"y most tests quite well. Accordingly a curve of the type S=KEP was 0.75. The curve fit was much better on the Houston cores 
: was fitted by least squares to each set of data where S is soil with 0.97. 
splash in grams, K is a constant depending upon the soil, and The amount of material splashed from the containers of 
a E is applied energy expressed in minutes of rainfall. The different soils at the end of various periods of application of 
ob power P and the constant K were determined analytically by raindrop energy varied over rather wide limits. A core of 
ve the method of least squares from 
. the data. It was considered that TABLE 2. COMPUTED RELATIONSHIP BETWEEN APPLIED ENERGY (E) AND WEIGHT OF 
at zero energy application there SPLASHED MATERIAL (S) 
would be zero soil removed from Pulverized material Natural structure Rate of splash (grams per min) when E=1 
the cup. The first raindrop or the — candard sand | S—17.87F°- cores Pulverized material Cores 
first —— of applied — DS/DE=12.25E-®" 12.25 gper min 
y me soil. 
Therefore ee ee Luverne sandy S=16.72E°® S=12:868"* 11.41 8.43 
be- > : loam DS/DE=11.41E°* — DS/DE=8.43E°-* 
ure appeared to be suitable for ex- iii: - ia aati Sisenaiins 
tessing the relationship between ee Fae sadl = 1,386 8.87 
ee P DS/DE=8.87E*-” DS/DE=5.72E*" 
VS: 5 
by Lack of space precludes show- Ruston subsoil S5=24.92E"* S=9.54E°™ 11.60 
Me ing the plotted position of all DS/DE=11.6E°" = DS/DE=4.95E°* 
ter points for all tests. However, the Houstonclay = 5=15.46E- S=7.83E° 9.20 
it calculated curves showing soil DS/DE=9.2E-°" DS/DE=$.72E** 
all splash plotted against time or en- DS/DE is the first derivative of S with respect to E and is the rate of splash with respect to applied 
ed ergy are shown in Fig. 2. The energy or elapsed time. 
ion 
20, 
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| Fig. 4 (Left) Soil pedestals formed under clumps of vegetation on Luverne Sandy loam e Fig. 5 (Right) Close-up of pedestals under grass 
and a pine tree on Luverne Sandy loam 


Ss hilawct | : ees HPS ASG oR RRP DIO Ty PPS gues ee, os ee eee tt A TS ae ahr’: ol eg See ee oan \ 
gee «| ; py olen ae eee oS ee 8 OD : ae ae ee te 
Crt faba pas sate one fh, Cees. 0. Ree ten Ba ee es Ree amma! (, Sahin ies las ate ae h is re ve . 
Sue am ora ae) 83 aD ie a Sguere Phe. Rad ‘ie Tay ae a eA. . peas ) a ¥ , 3 
(a Wo ae Se - a CR see RF ge e gape Oy 8 Rela VES) eens 0°) Rema e ,, ma eat, jen 
Sie eS) Le i ene eee ee Se re 
rr 155 
qf 
ft 
. © 
ad 
“S 
F 
- =. Se : Se am > “Ee A re 2 we P ; 
me 0UC b = *, at > Sie. i ‘e; see | a er 
i 7 Aa ae Oe “ay Pid es & & ie ig aie ae | er cick : 
i, ane - = ee a ow, TPES. Se ai Ce oe Si 5, . aa a 
ao” ae ad Ww bg? Oe hE Be SS ee ee Oe re 3° 2 yas ; 
"| ee ‘g WERT eG § ‘6s ” Fe pm ¢ eek Sea ae .. i a? te * macs Ee 
oi ie — ae 4 . Bee ag sh ‘ moe ee ; ae Se cers 
‘§ ie es » e a 3 re Oe ca eee + Gam : re 
ae aed ae ee a ee ag a a ey ee Oe nT Meas Bs aera 
eh ioe 3? cae oe ee ee) Se F et ey | eg ee ae 4 a bs Bie lal 
ay eee meee TY = Tle ey Aa Pick SS a ae a a — en ee Se . 
: ee i © igubein <4 bak: iO eee Ce ee A a Sahiee Gate ne eee Saal cet ty 8?” Day 
> SI SS Oe a SS lg SEE GENT Ta, See ee, a ne 
5. =e eee fae % ARES Pry ies Ve | eR ae ae ae Since “epics > o> eas 
fae > a ee aie "Sr ares oe alae Rs * ae e™'s © te “ae oy Sl Pe yr. ARE rel tee a ae Be Sa 8 
le Pn Se alee 5 : - 7 is a & er 2 Re A AS a a. sr i Sn eK $ eee De ng 
PM yf NS cg RMR ee 
ee ae ae” See J gh sa eA RE ere, Sieh eee ’ ere RR: 
oe. «See ORE ae a4 4 a aaa Sane Bie eee t aa oe ee ee So eae) eS 
sa re ia een rae tls coeur ae Sa > kt Poe ee er. eens a a, : 4 agate Nie ae ahi 
—— eatin, at a "Sea ee eA OD tah ee ae ‘ See S Og Ser ae 
SS -— i=. —- =e Ae eae he eer, eee 0 ee ak ae ; 
ee 1 ee, y a, ae nS aa et ~~ 2 = i - 255 ~ aa Hye, ty : 
Oe Ree ie se i a SO es err oe cet Seine, 8 . oe (eG el at” ; 
ee i SS. Ee ~7 oe ae Se On —_ apie tkt era ag s id i = ee es has erie 
ye ae a ae ee ee = SE nee hn owe POPS Bg Me geal | NC ooo ee ae f 
SS lie FS sey > Sila Se ‘stillet Bin ee ee ane ee Wo a we es . 
et rt en le ae nb LO: Sete | a : 
Se Se OS “Ea Se a, gs ec aa i Ca: oa ee ee . Geer re Pe 
ae eed eet es ee aan Se Bee mr Np SER ee i rea ee : 
ee ¥ SS Re £ gs Sane Tut REEL dah, Cane CA" ° RS ea pear 2 ai --- re a ty Se hie 
Ses ee eee ee OP Pe Waatee Range : 
Be Vee ee tie = gee lies ry a ee igre. (ae ("ake ‘ 
a ~ ae ee ee 5 a oe a ee ae ae pee os Witte ees ee a ee I ae Aa es: yes a 
ae . eee hs =e Sie cos a aa yf Vat SE res : ; 
mere st ge ie Ne aie JES ape ea vs 
me ae wm ree, a ey a ee NY ec Se 
(age A ime signings Mat ee Tal oS faa - I” Ghee aA ee ete. it 5 See 
ES a ee ll ee Se ee oe UF edit is Nee 
‘ — a ei... 5 Ae. BES Tre aes Soe et: ie! UG, ne 7 Pa) ee ee ode Nyt a Mga 
ee a ear eS eg gies ame 7, hat Mata tke tak 
—  - SR, Soak Boa Ae ee, oink ee Spas a lees eas ye aie Ps (i rede i: ae oS oP q ; 
oasis eae eee oe re i eee eR ea Ra es) a a 
a oY A es Sh “Sout SCM kM pti ROR AS tt SR Siaiahas SaaMam ay : 
> NR oe cea ES ST. MR: es oS, SE eo ate Bees: 
— an ie ‘a 4 ee gael a ay Mae i nied PM  E hiad sR eet | eee nea) ade Gs 
>. 53 in S OE tan ste ge gS Ry > a a A NS et A 6 Ais see ihe hs fg RO iG St. : 
re oe aan 9 a i a ange Oe Be iF 62 te gh te 4 Le eee eS ge oe ee ds Teme OS ee AE tt i ie « 
‘ ; = 
> 
= 
. = 
“SS = agate ee at eae ahi eS ee “SOT 2 er) ee se rE oa % si Si id ; 
Raa sac oe 7, eva Raia a vc” ae nie i SeK TL oe eh ae > Weatasa * ; 
1S Ee eR Bs 4 Boe Sec! | 3, Cle eae Tee age anc Bees, z , £ 
BO act se: nae mes Ee GEA” Ss a eae * & ORaea ‘ 3 er io a cas i \ yee 
ait “tigers tear eee aes. Same Soe Sis Ia aS Re ee a5 
ae BN Sue ae re pia 2 ere et Ae ee eed anes ree EN | Cr ate aS ee ¥ +i 


156 


; TABLE 3. MECHANICAL ANALYSIS OF STANDARD SAND AND NATURAL ~ 


SOILS USED IN TESTS 


Sand, Silt, Clay, 
percent percent percent 


Passing 60-mesh standard sieve 
Retained on 70-mest: standard sieve 


Material description 


Standarc sand—a fine white silica 
sand—American Graded Sand Co., 
Chicago, Ill. 


Luverne sandy loam—topsoil, 0-2 in 
deep—pine woods site—a few 


fine roots 60 33 7 
Memphis silt—parent silt material 

10 ft below surface 5 85 10 
Ruston subsoil—12 in deep— 

very firm 24 43 33 
Houston clay—0- 2 in (0- % in loose 

and fragmented) 32 24 44 


Ruston subsoil, for instance, at 40 min had lost only 80g 
while pulverized Memphis silt had lost 269. 

There was considerable variation between the losses from 
different soils and, as was expected, wide differences between 
cores of undisturbed soil and the same material pulverized. 


These data strikingly suggest the necessity of a range of 
values for the active variable when soils are being compared. 
A comparison of the splash susceptibility of two soils at 10 
min, for example, results in an entirely different ratio than at 
60 min. This renders necessary an energy-splash curve if we 
wish to compare splash-resisting properties of two soils. When 
a study is made of the equations of the curves just discussed, 
it is apparent that the varied positions of the curves has been 
brought about by a rather complex interaction of coefficients 
and exponents. This was rather disappointing as it was hoped 
that a similarity of exponents would permit comparison on the 
basis of coefficients, or vice versa. 

In an attempt to secure a further lead on inherent differ- 
ences in soils, each of the soil loss curves was differentiated. 
The ds/de equations are shown in Table 2 and are plotted 
in Fig. 3. The first derivative of a mass soil loss curve repre- 
sents rate of soil loss in grams per minute at any desired value 
of the time or energy variable (E). 

The reduction in rate of soil splash as the energy applica- 
tion continues may be considered as due to two factors for a 
clean cohesionless nearly uniform particle size material like a 
standard sand. These are compaction by raindrop impact and 
the effect of the container side rising above the surface of the 
material as the run continues. It was first thought that the 
effect of the can on the standard sand splash rate could be 
evaluated by the difference in ordinates on the sand curve at 
various times and the ordinate near the beginning of the run, 
say, at E=one minute. If this were true, the can effect could 
be computed as a function of time, and this function could be 
applied to each of the soil runs. Further analysis disclosed 
that this procedure would lead to highly erroneous values 
especially for the cores. It was then concluded that the drop 
down in the sand rate curve was the result of both compac- 
tion and surface lowering relative to the top of the can side. 
In case of the soils the two factors mentioned operate as well 
as pore sealing and other secondary compaction phenomena. 

Certain facts are, however, apparent from a study of the 
rate curves. Pulverized Luverne sandy loam is quite similar 
to the standard graded sand and maintains a high splash rate 
for 60min. Memphis silt in a pulverized condition suffers 
splash displacement at an excessive rate for the entire test. 

Natural cores of Memphis silt and Luverne sandy loam 
were more susceptible to splash even after 60 min than pul- 
verized Ruston subsoil or Houston clay. There was little dif- 
ference between Houston clay pulverized and the cores. This 
was expected as there was considerable loose material on the 
upper part of the Houston cores. Ruston subsoil, which was a 
very tough compacted material, was the least vulnerable to 
splash loss of any soil tested. 

The soil splash rate was generally far lower on the undis- 
turbed cores than for the pulverized material. 

Observations in the field verified the very high splash sus- 
ceptibility of Luverne sandy loam. 

‘In Fig. 4 an over-all view of a badly eroded Luverne area 
is shown. Soil pedestals 6 to 12 in high may be noted where 


Weight of dry miterial ina 
2 in deep by 3%4jin diameter 
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the top and roots of kudzu plants and 
a little grass have given surface pro. 
tection and reinforced soil resistance 
to erosive action by raindrops. Some 
results of runoff erosion are a'so ap. 
parent in the photograph. 

The close-up of two pedesials in 


cup or core Cylinder 


480 g¢ 
Pulverized - 500g . 


Cores “470 & Fig. 5 shows the extreme evosion 
Pulverized -- 365 ¢ which has taken place. The sloping 
Cores 1 390 g sides of the pedestal under the pine 
_Pulverized > 405 ¢ tree are probably significant of the 
Cores — 430g time relation between protected area 
Pulverized — 350 g and tree growth. 

Cores 


- 3906 Protection of such soils by plant. 


ings of this type cannot be catirely 
successful. The area between crowns must be mulched or 
otherwise protected. 


SUMMARY AND CONCLUSION 


Several soils in both natural and pulverized condition were 
subjected to raindrop energy and the amount of splashed ma- 
terial was determined. 


There was a wide variation in the resistance to raindrop 
impact among the five materials tested. 


Among the pulverized materials a tough Ruston subsoil 
was most resistant and Memphis silt was most vulnerable. 
This was, also, generally true of the cores of the same ma- 
terials. 


Pulverizing the soil greatly reduced its resistance to re- 
moval by raindrop action. 


It may be broadly concluded that splash susceptibility is an 
important physical property of any soil. Different soils have 
different splash characteristics dependent upon particle size 
distribution and many other factors. 
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Fence Post Preservation 
(Continued from page 153) 


and cured with the butt up show a high concentration in the 
butt, and a rather good concentration throughout the remain- 
der of the post, except it is somewhat low at the top en’. The 
most desirable concentration throughout the entire post was 
secured by treating the butt for four days and the ‘op for 
three days, then curing with the butt up. This results in heavy 
concentration in both ends and a good concentration t!irough- 
out the central portion of the post. 


Posts treated similarly to those which were am lyzed, 
were set in test plots in 1942. Fig. 6 shows the condition of 
those posts five years later. It is significant that th: treat 
ment on both the butt and top ends results in a loncer life 
than the treatment on the lower end alone. Posts whic! were 
cured butt down failed very early and those which wer: ‘reat 
ed for seven days and then cured butt up failed almost en- 
tirely on the top, which was probably due to an insu \ticient 
concentration of salts in that area. 

Economic studies on this method of treatment are pvt yet 
complete as the average service life is not known. However, 
the labor requirements for treating are very low, and tic cost 
of the preservatives is low, averaging from six to ten cents 
per pound. One pound will treat an average size post. It is 
felt that this method of treating should have a place 1 sup- 
plementing other preservative treatments which produce posts 
with a longer service life, but which cost a great deal more. 
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Irrigation Requirements of South Carolina Soils 
By T. C. Peele, O. W. Beale, and F. F. Lesesne 


HEN designing an irrigation system for a given soil 
\ \ | type, the two most important things the engineer 
needs to know about the soil are the rate at which 
it can absorb water and the quantity of water that it can re- 
tain in a form available for plant use. If the soil will absorb 
water at a maximum rate of 0.3 iph (inches per hour) under 
the ricthod of irrigation that is to be used, it is evident that a 
system: designed to supply water at a rate greatly exceeding 
this value is wasteful. Likewise, if the soil can retain only 
2.0 ir. of water in the zone that is to be wetted, the irrigation 
syste should be designed to supply this quantity of water. 


|: ‘Itration Rates of Soils. The infiltration rate of soils dur- 
ing s.mulated rainfall gives a useful estimate of the rate at 
whicl: they may be expected to absorb water during sprinkler 
irrigation. This infiltration rate depends on the soil properties 
and on the amount of energy exerted on the surface of the 
soil by the rainfall. The energy exerted on the soil surface is 
influenced by the rainfall characteristics and by the amount 
of protection of the soil surface by plant cover. The infiltra- 
tion rate of most soils receiving sprinkler irrigation is influ- 
enced to a large extent by what happens to the surface 4 in 
of soil. If the surface becomes puddled quickly and forms a 
relatively impermeable layer, the soil will have a low infiltra- 
tion rate. If the soil has physical characteristics which make 
it relatively resistant to puddling during rainfall, or if the sur- 
face is protected by plant cover, the soil will maintain a high 
infiltration rate for a considerable period of time. 


TABLE 1. INFILTRATION OF FOUR SOUTH CAROLINA SOILS 
WITH THE SOILS LOOSE AND DRY AT BEGINNING 
OF THE TEST — DRY RUN 
Infiltration rate 


Cumulative infiltration, in at the end of 60- 


Soil type 15min 30min 45min 60min min rainfall, iph 
Madison clay loam .60 79 94 1.05 42 
Cecil clay loam at 1.08 1.31 1.50 76 
Cecil sandy loam 40 $3 63 69 23 
Durham sandy loam .42 61 78 93 .60 


The infiltration rates of four South Carolina soil types, 
with the soils cultivated and free of plant growth, were meas- 
ured by Peele, Latham, and Beale1*. Simulated rainfall was 
applied with a type F artificial rainfall apparatus on an area 
6x24 ft in size and the infiltration during each 5-min period 
up to 60 min was recorded. A test was made with the soil 
loose and dry, called the dry run, and the following day a 
similar test was made with the soil wet and compact, called 
the wet run. The quantities of water absorbed by the differ- 
ent soil types during 15, 30, 45, and 60 min and the infiltra- 
tion rates at the end of a 60-min rainfall are shown in Table 
1 for the dry run and in Table 2 for the wet run. 

The soils, with the exception of the Durham sandy loam 
which contained only 7 per cent clay, absorbed over twice as 
much water in 1 hr during the dry run as during the wet run. 


TABLE 2. INFILTRATION DURING THE WET RUN 
Infiltration rate 
Cumulative infiltration, in at the end of 60- 
Soil type 15min 30min 45min 60min _ min rainfall, iph 
Madison clay loam 14 .23 30 37 .25 
Cecil clay loam .26 43 54 -63 A | 
Cecil sandy loam 42 15 18 Pe «| 14 
Durham sandy loam —.23 37 Bp ¥ 4 .68 .60 


__ SR oo ae es ea eS ree 

This paper was presented at a meeting of the Southeast Section of 
the American Society of Agricultural Engineers at Washington, D. C., 
February, 1948, as a contribution of the Office of Research, Soil Con- 
servation Service, U. S. Department of Agriculture, in cooperation with 
the South Carolina Agricultural Experiment Station. 

_T. C. Peete, O. W. Brae, and F. F. LesesNe are soil scientists, 
Office of Research, Soil Conservation Service. 


“Superscript numbers refer to appended references. 


The infiltration rates after a 60-min rainfall during the dry 
run would probably be the best values to use in designing an 
irrigation system when only 2 or 3 in of water are to be ap- 
plied to cultivated row crops affording little cover for the soil. 

The effects of cover from crop residues on infiltration rates 
are shown by an experiment in which crimson clover hay, at 
the rate of 4 tons per acre, was spread on the surface of Cecil 
sandy loam as a mulch on two plots, and incorporated with 
the surface soil of two plots, while two other plots were main- 
tained in a bare, cultivated condition for comparison. Infiltra- 
tion of all plots was measured 6 months after the organic 
matter treatments were made. The results (Table 3) show 


TABLE 3. EFFECTS OF SOIL TREATMENT ON INFILTRATION 


RATES OF CECIL SANDY LOAM 

Infiltration rate 

at the end of 60- 

45min 60min min rainfall, iph 
.68 Py x 42 


Cumulative infiltration, in 
15min 30min 
Bare—cultivated 42 BS 


Treatment 


Organic matter 

incorporated 51 .68 81 93 49 
Organic matter ap- 

plied on the surface 

as a mulch 86 1.56 2.18 2.74 2.18 


Note: The organic matter was added at the rate of 4 tons per acre 
6 months before the infiltration tests were made. 


that the total quantity of water absorbed in 1 hr by the plots 
having a mulch on the surface was nearly 4 times that ab- 
sorbed by the bare plots receiving no organic matter. The in- 
filtration rate of these plots at the end of 1 hr of rainfall was 
less than one-fifth the infiltration rate of the mulch plots. 
Where organic matter was incorporated with the soil, only 
a small increase in infiltration rate over that of the plots 
receiving no organic matter was found. It is apparent from 
these data that sprinkler irrigation systems for areas where 
good soil cover will be present can be designed to apply water 
at a much higher rate than systems for bare areas. 

Much of the irrigation practiced in South Carolina at pres- 
ent is in the truck farming areas near the coast on soils hav- 
ing very sandy surface horizons. The texture of these soils 


TABLE 4. RELATION OF SOIL TEXTURE TO INFILTRATION 
RATES OF VERY SANDY SOILS 
Infiltration rate 


Soil Mechanical analysis, per cent at the end of 
No. Sand Silt Clay 60-min rainfall, iph 

1 98.6 0.4 1.0 3.50+ 

2 96.1 1.4 2:3 3.50+ 

3 92.9 3.0 4.1 1.15 

4 89.9 33 4.8 0.75 

5 86.8 7.5 D7 0.61 

6 80.8 11.0 6.9 0.60 

7 78.3 12.2 9.5 0.24 


has a considerable influence on the rate at which they can ab- 
sorb water from rainfall or sprinkler irrigation. The relation 
of texture to infiltration rates, determined with the type F 
artificial rainfall apparatus, is shown in Table 4 for a few 
sandy soils. On level land when only two or three inches of 
water are to be applied, the water application rates for sprin- 
kler irrigation could be increased to some extent over the in- 
filtration rates shown in Table 4 because of the surface reten- 
tion of ponded water which would soak into the soil after 
irrigation ceased. 

Available Water-Holding Capacity. The available water- 
holding capacity of soils is used extensively in the western 
states as an index of the irrigation requirements of soils, but 
this type of information has not been available for soils of 
the southeastern states. Veihmeyer and Hendrickson* and 
others have emphasized the importance of considering this soil 
property when designing an irrigation system. 


A eo ea aa eer a 14s. ae |. oe te aie “aie e sr a sat 3 ae = ‘j Se oe ; Prien - ; ; if : 
is “nia =f ee eit ig Bie 2 Mi sj ae ee, clea a ae Bees me oe : Be tek Dey x LE ; 
Ae erase es) 24 a ge BL ire ea Se pees ee a .e 
caster” Be i ga ees. i 
|_| 
1948 eee 
and 
Pro- 
ince | 
ome 
ap- 
s in 
ion 
ving 
ine 
the 
rea 
ant- 
rely 
or 
ee 
ere 
na- 
ro : 
1 | | 
soil 
ble. 
na- ; 
re- | 
an 
ave 
ize 
and = Be 
Silt pe 
on- 
and 
and 
ore 
24, 
he , 
in- 
he 
as 
‘or 
vy 
h- 
d, 
of 
at- 
fe | 
re 
it- 
n- 
nt | 
ret 
oT, 
yst | 
its 
is 
p- 
ts 
e. ee 
oe ines J "a Pea ees ee ae Me PP. aad sh ae es, ee aa sss hi Se ee aes el a a a Boe a: ee 52 3 “ aus oe ; . / 
oe ee ‘ if. x” bon 4 - “SiNeaame [2 go eee eae 9 ee: a * G3 
nae a RRR cae meee 3S * Sy ear oes eS Sa cee ep hat ee Mee : ‘ais Bis. aes noe ; 
Reese : er aya a4 5 ee neg: ©. Of ae —-gisline a eS bho OS aN be 4: ee —f 


158 


The available water-holding capacity of a soil is the mois- 
ture range between the permanent wilting point and the field 
capacity. The wilting point can be ascertained by growing 
plants in pots and determining the moisture content of the 
soil at which permanent wilting occurs as proposed by Briggs 
and Shantz', or by extracting the water from saturated soil 
in a pressure filter apparatus at 15 atmospheres pressure, 
measuring the percentage of water retained and converting this 
value to the wilting point by means of a regression equation. 
The relation of the per cent moisture retained in soils against 
a pressure of 15 atmospheres to the permanent wilting point 
measured by the plant method has been shown by Richards 
and Weaver? for a number of soils. Since the two methods 
do not quite give identical results, a regression equation cor- 
relating the results of the two methods was determined for 
South Carolina soils. The equation is: Y=0.97 X +0.99, when 
X is the per cent moisture retained against 15 atmospheres 
pressure and Y is the calculated permanent wilting percentage. 

The field capacity is the moisture content of a well-drained 
soil one to three days after the soil has been thoroughly wet 
by rain or irrigation and the excess water has drained from 
the soil. The field capacity can be calculated from moisture 
equivalent determination by means of the regression equation 
developed for South Carolina soils, where Y=2.62+0.865 X, 
when X is the moisture equivalent and Y is the field capacity. 

Laboratory determinations of wilting point and field ca- 
pacity permit determination of available water-holding ca- 
pacity on a percentage basis. The irrigation engineers need 
this information on a volume basis (surface inches or cubic 
feet per acre). Volume-weight measurements of the soil, us- 
ing undisturbed cores, are needed for converting the percent- 
age values to a volume basis. The available water-holding 
capacity, AWC, in surface inches per inch depth, can be cal- 
culated from the formula: 

AWC= (Per cent water at FC—per cent water at WP) / 
100 X volume weight, where FC is the field capacity and WP is 
the permanent wilting point. 


TABLE 5. AVAILABLE WATER-HOLDING CAPACITY OF 
DIFFERENT HORIZONS OF DIFFERENT SOIL TYPES 


Organic Available water- 

Clay matter holding capacity 

Soil type Horizon content, % content, % per inch depth, in 
Dunbar f.s.1. Ay 5.8 4.38 148 
B, 19.1 0.86 .124 
B, 25.8 0.42 118 
Charleston I.f.s A 4.4 1.88 .096 
B 23.5 0.59 .075 
Leaf s.1. A 122 6.97 205 
B 33.3 0.85 .099 
Stono I. A 5.3 24.64 .159 
B 8.5 8.01 .107 
Portsmouth 1. A 11.8 6.47 .189 
B, 8.3 0.23 076 
B, 20.1 0.31 Ati 
Coxville f.s.1. A 19.1 4.69 101 
. B, 40.2 0.70 .093 
B, 45.0 0.43 097 
Grady I. A 12.2 5.65 .125 
B 29.9 0.84 -128 
Bladen f.s.1. A 4.1 LAS 101 
B, He 0.35 .048 
B, 31.0 0.40 156 
Norfolk s.1. A, 2.4 0.75 .059 
Ay 3.2 0.62 087 
B, 29.0 0.52 .107 
: B, 30.1 0.25 .105 
Lloyd s.1. A 18.0 1.20 112 
B, 30.3 0.73 112 
B, 40.6 0.45 .100 
Hayesville s.1. A 8.2 0.96 .091 
B, 31.4 0.53 7 
B, 34.1 0.26 29 
Cecil s.1. A 8.1 3.15 .148 
B, 45.9 0.89 Bi | 
B, 50.0 0.55 .136 
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The field capacity in surface inches per inch depth cf soil 
can be converted to cubic feet of water per acre per inch 
depth of soil by multiplying it by 3630, or to gallons pe: acre 
per inch depth of soil by multiplying it by 27,154. 

The available water-holding capacities of a number of 
South Carolina soil types are shown by soil horizons in Table 
5 and by depths of 12, 24, and 36in in Table 6. The soil 
samples of all soils on which data are reported in Ta'iles 5 
and 6 were collected and their volume-weights determined by 
one of the authors (F. F. Lesesne) in connection with . per- 
meability survey being made in South Carolina. 


TABLE 6. SURFACE OF WATER REQUIRED TO RAISi THE 
SOIL MOISTURE CONTENT FROM THE WILTING 
POINT TO THE FIELD CAPACITY 
Available water-holding cap.city in 
terms of surface inches of water 


0-12 in 0-24 in 0-36 in 

Soil type depth depth depth 
Dunbar fine sandy loam 1.61 3.02 1.44 
Charleston loamy fine sand 1.11 2.01 2.91 
Leaf silt loam 2.04 3.22 ‘41 
Stono loam 1.91 3.19 1.47 
Weston fine sandy loam 1.48 3.21 1.95 
Portsmouth loam 227 3.29 4.56 
Coxville fine sandy loam 1.16 2.32 3.48 
Grady loam 152 3.06 4.59 
Bladen fine sandy loam 1.00 2.66 1.53 
Norfolk sandy loam 0.82 1.96 3.25 
Hayesville sandy loam 1.27 2.68 i.11 
Cecil sandy loam 1.59 3.13 4.76 


The quantity of water that soils can hold in a form avail- 
able for plant use is influenced mainly by the quantity of clay 
and organic matter in the soil and the physical properties of 
the clay. In general, soils which are low in clay and organic 
matter have low available water-holding capacities. Soils con- 
taining large amounts of organic matter usually have large 
capacities for holding water in an available form, while soils 
containing large quantities of clay may or may not be capable 
of holding large amounts of available water, depending on 
the characteristics of the clay. If the clay exhibits a low de- 
gree of swelling and shrinking on wetting and drying, or has 
a low base-exchange capacity, it is probable that it also has a 
low available water-holding capacity. 

The correlation between organic matter content and pet 
cent available water-holding capacity of twenty-five soils hav- 
ing sandy loam textures, based on mechanical analysis, was 
determined. The equation expressing the —_ is Y= 
6.64+0.876X, where Y is the available water-holding ca- 
pacity in per cent and X is the organic matter content of the 
soil in per cent. The correlation coefficient of these properties 
is r=0.869. It is significant at the 1 per cent level. 

The organic matter content of the soils on which the equa- 
tion is based ranged from 0.31 to 5.65 per cent. Most of the 
samples came from the flatwoods section of the Coastal Plains 
area of South Carolina. It will be noted from the equation 
that an increase of 1 per cent in organic matter conten! pro- 
duces an increase of 0.876 per cent in available water-h lding 
capacity. 

SUMMARY 

Infiltration rates at the end of 1hr of simulated ::infall 
on four Piedmont soil types with the soils loose and «iry at 
the beginning of the test varied from 0.25 to 0.76 iph. Infil- 
tration rates varied from 0.14 to 0.60 iph when the same soils 
were wet and compact at the beginning of the test. O: ganic 
matter added to the surface of Cecil sandy loam at the :.te of 
4 tons per acre increased the infiltration rate from 0.42 to 2.18 
iph. The infiltration rate of sandy soils of varying cla; con- 
tents ranged from 0.24 iph for a soil with 9.5 per cen’ clay 
to more than 3.5 iph for a soil with 2.5 per cent clay. : 

The available water-holding capacity of 12 soil types m 
surface inches of water ranged from 0.82 to 2.27 for the 1-ft 
depth, 1.96 to 3.29 for the 2-ft depth, and 2.91 to 4.95 for the 
3-ft depth. Data showing the available water-holding capacity 
of different soil horizons were pre- (Continued on page 161) 
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Methods of Field Curing Hay 


By T. N. Jones and R. F. Dudley 


MeMBER A.S.A.E. 


termine the difference in curing hay by using a com- 

mercial field mower-crusher and the regular mower. 
The ticld mower-crusher (Haymaker) was manufactured by 
John Bean Manufacturing Company. This machine mows 
and crushes the hay in one operation. This is accomplished 
by having a crushing unit mounted directly behind the cut- 
ter bar. A pickup attachment elevates the hay to the rollers 
where it is crushed. The pressure on the rollers may be varied, 
depending upon the type of hay, but it should be adjusted so 
that the stems of the hay are cracked when they pass through 
the rollers. This permits the moisture in the stems to escape 
rapidly and decreases the time required to cure the hay. 

Tests were conducted on the Mississippi Agricultural Ex- 
perinient Station property and with several farmers so field 
conditions existed in all tests. The tests were made on John- 
son grass, soybeans, and sudan grass. The weather was ideal 
for curing hay in most of the tests. In conducting these tests 
the Haymaker and regular mower were started to work in the 
field at the same time, and moisture samples of the hay were 
taken every hour of the day and continued until both the 
crushed and mowed hay were ready to bale. After a few 
hours curing in the swath the hay was raked and finished 
curing in the windrow. Carotene samples were taken of the 
green hay, of the crushed and mowed hay at the time of bal- 
ing, and after the baled hay had been stored for two months. 

Fig. 1 shows the difference in the rates of curing for crush- 
ed and uncrushed Johnson grass cut late in the afternoon. 
There was practically no change in the moisture content from 
the time of cutting the Johnson grass at 5:00 p.m. to 6:00 
a.m., so the graph was started at 6:00 a.m. on the second 
day. The moisture content of the crushed hay was reduced 
from 70 per cent at 6:00 a.m. to 17 per cent at 6:00 p.m., 
while the moisture content of the 
uncrushed hay was reduced from 
70 per cent to 31 per cent over the 
same period of time. The total time 
for curing the crushed hay was 24 
hr, while it was 45 hr before the 
uncrushed hay was cured enough 
for baling. Even though the crushed 
hay was cured in 24hr, it should 


A STUDY was made during the summer of 1947 to de- 


JOHNSON GRASS 
——-Uncrushed 
—— Crushed 


JUNIOR MEMBER A.S.A.E. 


per cent at 7:00 a. m. to 39 per cent at 1:45 p.m. The uncrush- 
ed hay was ready to bale on the third day, or after 48 hr of 
curing, while the crushed hay was ready to bale after 26 hr of 
curing. By cutting and crushing the hay in the morning it 
was ready to bale the next afternoon and remained in the 
field only one night while the uncrushed hay remained in 
the field two nights. The crushed hay had a better color and 
a higher carotene content. 

Fig. 3 shows the difference in the rate of curing of crushed 
and uncrushed sudan grass for hay. The moisture content of 
the crushed sudan grass was reduced from 70 per cent at 
9:00 a.m. to 37 per cent at 7:00 p.m. and on the second day 
it was reduced from 37 per cent at 6:00 a.m. to 17 per cent at 
noon. The moisture content of the uncrushed sudan grass was 
reduced from 70 per cent at 9:00 a.m. to 55 percent at 7:00 
p.m. on the first day and on the second day it was reduced 
from 58 per cent at 6:00 a.m. to only 49 per cent at noon. The 
moisture content of the uncrushed sudan grass was not low 
enough to bale until the morning of the fourth day, or 72 hr 
after it was cut, while the crushed required only 27 hr to cure 
and was baled on the second day after cutting. A noticeable 
difference was found in this hay since the leaves of the un- 
crushed hay were overcured and shattered before the stems 
cured. The stems of the crushed sudan grass cured rapidly 
and most of the color was retained. 

Fig. 4 shows the difference in the rates of curing for crush- 
ed and uncrushed soybeans. The moisture content of the 
crushed soybeans was reduced from 69 per cent at 10:15 a.m. 
to 32 per cent at 6:00 p.m. and gained to 36 per cent over- 
night, and then it was reduced from 36 per cent at 9:00 a.m. 
to 17 per cent at 1:00 p.m. The moisture content of the un- 
crushed soybeans was reduced from 69 per cent at 10:15 a.m. 
to 44 per cent at 6:00 p. m. and (Continued on page 161) 
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be noted that it was too late to start 
baling the hay at 6:00 p.m., and it 
had to remain in the field another 
night, which was undesirable. Fig. 


2 shows the difference in the rate 
of curing for crushed and uncrush- 


ed Johnson grass cut at 10:00 a.m. 
The moisture content of the crushed 
hay was reduced from 67 per cent 
at 10:00 a.m. to 26 per cent at 6:00 
P.m. and gained to 48 per cent over- 
night, due to a heavy dew, and on 
the second day it was reduced from 
48 per cent at 7:00 a.m. to 20 per 
cent at 1:45 p.m. The moisture con- 
tent of the uncrushed Johnson grass 
was reduced from 67 per cent at 
10:00 a.m. to 42 per cent at 6:00 
P.m. and gained to 62 per cent over- 
night and then was reduced from 62 
RES i Cee 
This paper was prepared expressly 
for AGRICULTURAL ENGINEERING. 2 
TN. Jones and R. F. DupLey are, 
fespcctively, head and assistant agricul- 
tural engineer, agricultural engineering 
depar ‘ent, Mississippi Agricultural Ex- 
Perin nt Station, State College, Miss. 
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Determining the Temperature Gradient in Hay 
By John B. Dobie 


Junior Member A.S.A.E. 


T IS reported that the annual loss on farms in the United 

States due to spontaneous combustion is $20 million per 

year. A large part of these losses is due to spontaneous 
heating in hay, even in areas such as the interior valleys of 
California where field-drying conditions are such that hay 
finishing is considered unnecessary. In 1946 there were three 
fires caused by spontaneous heating of hay within ten miles 
of Davis, Calif. 

It is difficult to ascertain from available literature the ex- 
act chemical changes that take place in a pile of hay which is 
heating spontaneously. Various theories have been suggested; 
and while the solution of this problem does not fall in the 
field of engineering, it is of interest to those engineers work- 
ing with forage crops. However, the part of the problem 
which involves measuring temperatures in a stack of hay 
which is heating spontaneously is at least partially an engi- 
neering problem. An excellent opportunity was afforded to 
study this problem when, on June 25, 1946, a barnful of hay 
on a farm near the University was reported to be heating 
spontaneously. Since the hay was already in the barn, there 
was no opportunity to install the usual type of thermocouple, 
thus necessitating the development of some type of tempera- 


Copper Tubing Point 
=Coupling Fi 
OS f a ee 
‘\---Thermocouple wires--/ Couple-- 


Length- 10 feet 


Fig. 1 Original temperature probe with separate potentiometer 


ture-measuring device which could be 
inserted into the existing stack. 

To fill this need, a ten-foot probe 
was constructed of %-in iron pipe 
with a piece of %-in copper tubing 
drawn to a point and sweated into Fast 
one end to form a pointed tip (Fig. Enq 
1). The other end was provided with 
a cross and pipe handles. A thermo- 
couple of copper and constantan was 
made at the very tip of the copper 
point, and the connecting wires run 
back through the pipe to a potentio- 
meter. Temperature readings could 
be made at any point in this pile of 
hay with this unit. It was found that 
it took a few seconds for this thermo- 
couple to come to a maximum read- 
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ing due to the high heat conductance Fig. 2. Plan view of hay in barn showing areas of 
greatest heating 


of the copper point. However, it was 
possible to take about one reading 
per minute, permitting numerous 
readings to be taken until the center 
of heating in the stack was found. 
Readings were taken daily until spon- 
taneous combustion occurred 17 days ; 
later. 

The barn had been completely 
filled (20 ft deep) with chopped 


--Hendie 


This paper was presented at the winter 
meeting of the American Society of Agri- 
cultural Engineers at Chicago, IIl., Decem- 
ber, 1947, as a contribution of the Farm 
Structures and Rural Electric Divisions. 


JouN B. Dobie is associate in agricul- 
tural engineering, California Agricultural 
Experiment Station, Davis, Calif. 
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Fig. 3 Cutaway section of temperature probe with integral millivoltmeter 


alfalfa hay. The lower ten feet of hay was first cutting and 
the upper layer second cutting. The center of heating seemed 
to be about where the two layers met, or possibly in the lower 
portion of the upper layer. The first cutting had been in the 
barn six weeks and the second cutting two weeks. Since no 
heating had been noted in the first layer before the second 
cutting was put on top, it was assumed that heatins had 
been taking place less than two weeks. When the first meas- 
urements were taken, the interior of the stack was hot thr: vugh- 
out. There were two centers of heating at widely separated 
points, as shown in Fig. 2, registering a maximum tempera- 
ture of 200F. 
; The entire stack of hay, which had settled to about 14 ft 
in height, was wet and sticky as evidenced by the probe when 
removed from the hay. An odor similar to that of acetic acid 
was present in the barn. For a period of ten days, the tem- 
perature rose at the rate 2 to 3 deg per day until it reached 
233F. Up to this point, the hay in the stack remained very 
moist. The temperature was fairly constant at about 233F 
for several days, but the hay was drying rapidly as shown 
by the probe when removed from the stack. The sweet, acetic 
acid odor had changed to a pungent, scorched stench, which 
was very irritating to the nostrils. Data taken the 17th day 
revealed a very abrupt rise to over 350F with the hay on the 
inside of the stack extremely dry. In order to save the barn, 
the hay was wet down immediately and removed the next 
day. A small blaze occurred that night but was easily extin- 
guished. Several fires broke out in the hay as it was removed 
from the barn, but were controlled by keeping the top of the 
stack wet down through use of a rural fire truck. Much of the 
hay burned after it was stacked in the field. The stack had 
shrunk to approximately half its orig- 
Side inal depth f the slam te hay om 
removed. 

The time-temperature gradient cor- 
responded rather well with the se- 
quence of events as outlined by Laup- 
per* in his theory that pyrophoric 
iron is the element necessary to cause 
Spontaneous combustion. These ob- 
servations start at a relatively high 
temperature; but it was interesting to 
note the gradual temperature rise from 
200 to 233F, the static condition at 
233F for several days, and the sub- 
sequent accelerated rise in tempera- 
ture after the water distillation was 
completed and as the hay was dried 
out. Unless kept wet down, the hay 
burst into flame whenever exposed to 
the air. 

As the hay was removed, + was 
noted that fires broke out in al! parts 
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*Brown, Charles A. The Spon: neous 
Combustion of Hay. USDA Tech. Bull. 
No. 141, September, 1929. 
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of the pile. However, there was considerable variation in the 
color of the hay in various parts of the stack, ranging from 
light tobacco brown around the edges to dark brown in the 
center and with a ring of black hay around the center and 
about halfway between the center and the edges of the stack 
(Fig. 2). This black hay corresponded to an area where men 
had walked in spreading the hay around the barn. The point 
of highest temperature was in this region. 

The purpose of the temperature probe in this study was 
to obtain figures on the rate of temperature rise in the hay 
and the location of maximum temperature in the stack. How- 
ever, it proved successful enough that it should have a prac- 
tical use in determining whether hay is heating sufficiently to 
necessitate its removal in order to save the barn. Such a probe 
kept ia the county agricultural agent’s office could be used to 
serve 2 entire county. The type of potentiometer used is too 
expensive and is unnecessarily accurate for a portable unit 
such 2s might be used by county agents. Therefore, a more 
practical and less expensive temperature probe was designed 
to fill this need. 

This probe is similar to the one previously described, with 
a small millivoltmeter mounted on the rear end to make a 
self-contained unit. A 3-in iron pipe is used for the probe. 
This size was proven sufficiently rigid in lengths up to 10 ft 
without being too difficult to force into a stack of hay. Dur- 
ing the water distillation part of the process, hay heating 
spontaneously is very wet and sticky and offers considerable 
resistance to any such probe. Therefore, the probe should be 
reasonably smooth and without obstructions or joints in order 
to reduce friction. 

The point of the probe is made of high-temperature re- 
sistant laminated plastic. This reduces the rate of flow of 
heat from the tip back through the pipe, permitting quicker 
readings and a more accurate measurement of the tempera- 
ture at the tip. The hot junction of the thermocouple is lo- 
cated in the tip of the plastic point, partially counter sunk to 
prevent damage during insertion and removal from the hay. 
The point is tapered from the same diameter as the pipe to a 
blunt bullet shape. The pipe is threaded on the inside to 
take the plastic point. 

An iron constantan couple has been used to simplify con- 
struction. From the hot junction, the iron wire is threaded 
through a hole bored diagonally through the plastic point 
from the tip to the iron pipe. The wire is brazed to the pipe 
with a direct iron to iron contact, making the pipe the iron 
conductor from the couple to the instrument. An iron wire 
is used to connect the pipe to the registering instrument at the 
other end. Another hole drilled lengthwise from the tip of 
the plastic point carries an insulated 16-gage constantan wire. 
This wire is carried through the pipe to the registering meter. 
This temperature probe is shown in Fig. 3. 


The registering instrument is a low-resistance millivolt- 
meter with a built-in compensating resistance to reduce the 
effect of variation of ambient temperature at the meter. The 
meter circuit is primarily copper, which has a large tempera- 
ture coefficient of resistance, necessitating the insertion of a 
suitable negative resistance. Instrument manufacturers, when 
provided the necessary information, build the compensating 
resistance into the millivoltmeter. 

The millivoltmeter has a 214-in circular dial in a flush- 
mounted metal case and is mounted in a 4-in outlet box which 
is fastened to the end of the pipe. Handles are fastened on 
the sides of the outlet box to aid in pushing the probe into 
the haystack, The instrument is quite rugged and can be 
transported in an automobile without danger of injury. 


The probe built at the California Agricultural Experiment 
Station was approximately 8 ft long to facilitate carrying in 
an automobile. The resistance of 8 ft of constantan wire is 
0.90hm, and the iron pipe is sufficient to make the total ex- 
ternal resistance about 1 ohm. The instrument was adjusted 
for approximately one milliampere at full scale and to a re- 
Sistance of 11.5 ohms. This when used with 1 ohm in series 
gave a full-scale value of 12.5 millivolts, the Bureau of Stand- 
ards rating for 450 F. The scale was marked 50 - 0 - 450 F. 

€ro on this scale is ambient temperature at the meter since 
the cold junction is at the meter and no ice pot is used. Thus 
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the ambient temperature must be added to the reading on the 
millivoltmeter to obtain the correct temperature at the hot 
junction of the thermocouple. The meter may be read to 5F. 

The millivoltmeter may be ordered to fit the temperature 
range necessary. When the desired temperature range is 
known, the maximum electromotive force in millivolts may 
be obtained from Bureau of Standards data. The full-scale 
amperage may be determined by calculation once the voltage 
and resistance are known. 

This temperature probe may be built for $20 to $25. The 
millivoltmeter is the principal cost, amounting to $15 to $20. 
Construction is simple and inexpensive. 

This temperature probe, having been developed primarily 
for use by county agents and others working in the field, is 
not intended to be used where extreme accuracy is desired. 
It affords a method of rapidly exploring the interior of a hay- 
stack for hot spots and determining their temperature. The 
temperature indication is obtained in a few seconds, permit- 
ting numerous readings in a short time. By means of this in- 
strument, the temperature gradient of hay which is heating 
spontaneously may be charted, both as to time and location 
in the stack. If the hay becomes dangerously hot, it may be 
removed from the barn, thus saving the barn, livestock, and 
equipment. 


Field Curing Hay 


(Continued from page 159) 


gained to 45 per cent overnight and then it was reduced from 
45 per cent at 9:00 a.m. to 34 per cent at 1:00 p.m. The un- 
crushed soybeans were not ready to bale until the third day, 
or 49 hr after they had been mowed, while the crushed soy- 
beans were ready to bale on the second day, or 25 hr after be- 
ing cut and crushed. The loss of the beans due to shattering 
was less for the crushed hay, since the pods were not over- 
cured. The crushed soybeans also retained more color than 
the uncrushed beans. 

By crushing large-stemmed hays, such as Johnson grass, 
soybeans and sudan grass, the time required for field curing 
may be reduced from one-half to one-third as compared to 
mowed hay. Crushed hay retains more color than mowed 
hay. Since crushed hay can be baled before the mowed hay, 
there is less possibilities of damage caused by rain. 

The carotene content of the crushed hays at the time of 
baling was approximately 35 per cent higher than in the un- 
crushed hays at the time of baling. After the crushed hays 
had been stored for two months the carotene content was also 
about 35 per cent higher than in the uncrushed hays that had 
been stored an equal time. 


Irrigation Requirements 
(Continued from page 158) 


sented. These data provide a basis for estimating the avail- 
able water-holding capacity of similar soils. 

The available water-holding capacity of sandy loam soils 
was found to increase at an average rate of 0.876 per cent for 
each per cent increase in organic matter content. 
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A Correction 


TTENTION has been called by the author to the fact that 
Figs. 2 and 3 were transposed in the paper entitled “En- 
gineering-Management Aspects of Self-Propelled Machines’, 
by E. L. Barger, on pages 106 and 107 of AGRICULTURAL EN- 
GINEERING for March, 1948. 
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Agricultural Engineering Challenges in the Southeast 
By E. V. Smith 


tural engineering profession, as we move toward greater 

mechanization, are more challenging in the Southeast 
than they are in certain other areas of the South, such as the 
Mississippi Delta and the High Plains. 

Before the war, the dense agricultural population in the 
South tended to hinder the advancement of mechanization in 
the region. Human labor on the farm was plentiful and cheap. 
Even today our farmers produce too little per man hour; or, 
to put it another way, they expend too much labor per unit 
of produce. In 1943, for example, the average labor charge 
to produce 100 bu of corn in South Carolina, Georgia, Ala- 
bama, and Mississippi was 247 hr as compared to 46hr in 
four Midwest states. In the same four Southeastern states, 
from 200 to 250 hr were required to produce a bale of cotton, 
and in Georgia and Alabama, approximately 200 hr were re- 
quired to produce a ton of peanuts. The figures for the South- 
east today probably are little different from those quoted for 
1943; the migration from the farm during and since the war, 
however, has been sufficient to intensify interest in mechan- 
ization. 

Mechanization of agriculture, therefore, imposes a real re- 
sponsibility on the agricultural engineers who serve the region. 
This statement applies not only to the research engineer, but 
to the extension engineer and to the design engineer and manu- 
facturer of farm machinery as well. 

It has often been said that cotton and peanuts are among 
the few major crops remaining to be fully mechanized. These 
are two of the three chief cash crops of the Southeast. 

Let us examine the situation with respect to the need for 
mechanization of these crops, considering cotton first. The 
competition that cotton faces from synthetics and from for- 
eign producers has been widely emphasized. In addition, the 
cotton grower in the Southeast faces keen competition from 
other producing areas in this country, such as the Mississippi 
Delta and the High Plains. Cotton production in both of the 
latter areas is already mechanized, or the research foundation 
for such mechanization has been laid. The four-row cultivator, 
the flame cultivator, and the spindle-type picker are actualities 
in the Delta and similar cultivators and strippers on the Plains. 
In contrast to the 200 man-hours or more now required to 
produce a bale of cotton in the Southeast, only 15 to 30hr 
may be required in the Delta and Plains areas under com- 
plete mechanization. 

The mechanization of cotton in the Southeast, therefore, 
is a real challenge to the agricultural engineer. The generally 
small farms, small fields, and rolling to hilly topography of 
the region all add to the difficulties of the problem. 

Of approximately 120 hr required to produce an acre of 
cotton in the Southeast, 50 hr or more are consumed in har- 
vesting the crop. The high labor requirement for hand pick- 
ing imposes a problem not heretofore mentioned in this paper. 
So much of the time and energy of the farmer and his entire 
labor force are used in picking cotton during the fall that the 
planting of winter legumes and winter grazing crops is pre- 
vented or seriously delayed. The development of a satisfac- 
tory mechanical method of harvesting that is cheap enough to 
be used on small cotton farms would break one of the prin- 
cipal bottlenecks to a well-rounded farming program for the 
region. 

Peanuts, like cotton, may be expected to face keen compe- 
tition in the not too distant future. It is also a crop with a 
high labor requirement, about 200 hr being required for the 
production of a ton in Georgia and Alabama. The competi- 
tive position of peanuts should be materially strengthened by 


Te problems confronting all segments of the agricul- 
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the development of an economical mechanization pr gram. 
Although some further advancement in the mechanizat:on of 
production can be expected, the greatest saving in labor should 
result from the mechanization of post-harvest operations. This 
is a subject that has commanded the attention of several of 
you agricultural engineers during the past few months 

The problem of post-harvest mechanization is comp icated 
by a number of unknowns at the present time. I will raise a 
few questions to illustrate the point. Should peanuts be cured 
in the stack, the windrow, or picked green and cured artifi- 
cially? If they are to be stacked, how can they be handled 
to reduce the present high labor charge? If cured in the wind- 
row, what about the effect of inclement weather on the quality 
of nuts and hay? If picked green, how will they be cured, 
and what will be the effect of curing on quality? What are 
manufacturers doing about modernizing pickers or combines? 
Does the research engineer know enough about the kind of 
machine needed to advise the designer? Such questions point 
to the engineer's responsibility to the peanut grower of the 
Southeast. 

Thus far I have dealt with the mechanization of specific 
crops and with the engineer’s responsibility in the develop- 
ment of such mechanization. Let us consider now a broader 
aspect of mechanization. Cotton, tobacco, and peanuts occupy 
but 8.5 million of the 40.5 million acres of crop and pasture 
land available to the farmers of South Carolina, Georgia, Ala- 
bama, and Mississippi; although these three crops occupy only 
21 per cent of the available land, they produce 54 per cent of 
the income. 

Probably no informed agricultural worker believes that any 
of these crops can be materially expanded in the Southeast. 
It is generally believed, however, that the remaining 79 per 
cent of the crop and pasture land can be made to produce a 
much greater share of the farmer’s income that it does at 
present. A number of Southern agricultural experiment sta- 
tions are developing research programs on livestock directed 
toward that objective. 

The need for power machinery and mechanical know-how 
is immediately exaggerated by the introduction of livestock 
into the picture; this is especially true when the livestock are 
beef or dairy cattle and when small farms are considered. 
More power is needed to fallow land for winter grazing crops 
than to prepare it for planting cotton. Similarly, more com- 
plicated machinery is required for efficient haying than has 
generally been used in the cultivation of cotton on smal! farms. 

Finally, there are many other ways in which the «gricul- 
tural engineer can serve the Southeast. Terracing and soil con- 
servation; irrigation; rural housing; and seed, grain, and hay 
curing are among the more important fields that might be 
discussed if time permitted. 

In conclusion, let me say that each segment of your pro- 
fession has a distinct responsibility to our region. Tha: of the 
research engineer has been discussed at some length in this 
paper. The extension engineer has a big job in helping the 
farmer translate the results of research into farm practice. The 
designer must design and the manufacturer make equipment 
adapted to our needs. 


Cotton Mechanization 


r, AMERICAN grown cotton is going to hold and .xpand 
its markets in competition with foreign growths ani syn- 
thetic fibers and still be a profitable enterprise, pro.'uction 
costs must be cut. Increased efficiency is the best h pe of 
keeping the industry on a sound and profitable basis. This 
applies all the way along the line from cotton farms t» con- 
suming mills. Though our scientists and engineers are »ttack- 
ing the problem from all possible angles, mechanization seems 
to hold the greatest promise. (From remarks by E. D. White, 
at a recent conference sponsored by the National Cotton 
Council of America, reported in “Farm Equipment Retailing,’ 
April, 1948.) 
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~ “Dependable Precipitation” 
By Hayden K. Rouse 


lations of records which have been collected in the past. 

These tables usually include a mean or average value 
called 2 “normal”. In farm planning, the use of “normals” 
may be deceptive. They tend to mislead those not familiar 
with the locality. They give no idea of the size or frequency 
of the departure from “normal”. To obtain a true picture of 
what may be expected, the farm planner must have the com- 
plete record. He must go through it month by month and 
year by year. Only with information obtained in this way can 
he appraise the risks and opportunities. An aid toward sound 
judgment would be usable data giving amounts of precipita- 
tion that he can depend on with a known degree of regu- 
larity. In this paper the author will attempt three things. He 
will show the dangers in the use of “normal” values. He will 
show the need for a new type of precipitation data. He will 
discuss a plan to give the farm planner data on dependable 
precipitation. 

For this purpose, dependable precipitation is defined as the 
amount of precipitation that will be equalled or exceeded in a 
given proportion of time. It is the amount that the farm plan- 
ner can count on with a known probability. This amount 
varies from place to place. It varies in an inverse ratio with 
the proportion of time. For example, at Colorado Springs, 
Colo., July precipitation will be 3.65 in, or more, in 20 years 
out of 100. In 80 years out of 100, July precipitation will be 
1.60 in, or more. As the proportion of time rises from 20 to 
80 per cent, the dependable precipitation drops from 3.65 to 
1.60 in. F 

In humid regions there may be wide fluctuations in precipi- 
tation. Even in dry years, however, amounts are enough for 
moderate crop yields. Disastrous drought may occur but once 
in a lifetime. By contrast, in subhumid and drier climates, 
crop failures due to drought are not uncommon. Most of our 
farm lands between the 95th and 120th meridians are subject 
to this hazard. To meet the risk, farm plans must provide for 
the accumulation of sufficient reserves when yields are good 
for sustenance when crops fail. The proportion of the years 
when crops fail due to drought varies from place to place. It 
also varies with the type of farming, since some crops need 
more water at critical periods than others. 

The author chose the High Plains as the place to demon- 
strate the method. He has first-hand knowledge of its terrain, 
peoples, and problems. Physical conditions vary enough to 
make the demonstration interesting. Altitude rises from 3000 
to 7000 ft. The surface varies from flat to rolling. The climate 
is subhumid or drier. Most of the records were available. 

On many farms in the High Plains the main crop is grain. 
On others, livestock and feed are grown. Here, based on ex- 
perience, farmers have a rule-of-thumb guide of crop failure 
due to drought once in five years. Successful farmers store 
supplies of feed and seed and build up bank accounts during 
the 80 per cent of years when yields are good. These reserves 
carry them through the 20 per cent when drought may be ex- 
pected to cause loss of crops. With other types of farming 
Sufficient reserves may be built up in three years out of five 
(60 per cent of the time) to last through two drought years. 
Under very special conditions it may be possible to produce 
enough in one good year (20 per cent of the time) to bal- 
ance failures in four poor ones. An example of this is the 
non-resident operating large acreages of low-cost land with 
highly mechanized equipment. 

To plan well, the farm planner must know the moisture 
needs of crops at the several stages of growth. It is as im- 
ABN 6 oe iol cacelic,elipen die eal 
_ This paper was presented at the annual meeting of the American So- 
ciety o! Agricultural Engineers at Philadelphia, Pa., June, 1947, as a 
Contrioution of the Soil and Water Division. 

HoybeN K. Rouse is a project supervisor, Soil Conservation Service 


Ee S. Department of Agriculture, (P.O. Box 623, Bakers- 
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Rissons of precipitation data are limited largely to tabu- 


portant that he have some assurance of the amounts of pre- 
cipitation he can depend on to meet these needs. The so-called 
“normal” precipitation will not do. Confusion exists because 
of the differing definitions of the word “normal”. Its mean- 
ing in U. S. Weather Bureau and most other reports is the 
same as average or mean. Other definitions are found. In 
many farm planners the word “normal” excites the same 
thoughts as its synonyms: common, natural, ordinary, regu- 
lar, typical, usual. They seldom realize the great proportion 
of the time when the departure from “normal” is large. They 
may not consider its significant effect on yields. 

In the High Plains, the number of times when precipitation 
falls below “normal” is greater than when it exceeds “nor- 
mal”. This is true for all intervals, months, quarters, or years. 
It was found in all of more than 200 records. For example, 
in Cheyenne, Wyo., 62 per cent of the Julys had less than “nor- 
mal” precipitation. At Burlington, Colo., the proportion was 
58 per cent. At Amarillo, Tex., it was 59 per cent. The very 
broad departure from “normal” is shown by study of the rec- 
ords of July precipitation. Amarillo, Tex., Burlington, Colo., 
and Imperial, Neb., were chosen as representative of the south- 
ern, central, and northern parts of the High Plains. These 
three places have records of more than average length. Their 
records cover the same span of time. The three towns are all 
close to the 102nd meridian. On the average, in 68 per cent of 
the years the actual July precipitation departed more than 25 
per cent from “normal”. In 38 per cent of the years, the depar- 
ture from “normal” was more than 50 per cent, plus or minus. 

Such records indicate a broadly variable state. They show 
that there is a larger proportion of drought years here than in 
places where precipitation is less variable even though the 
“normal” be the same. They show why good farmers con- 
serve larger shares of the yields in good years to help them to 
carry on through drought. 

This plan of computing dependable precipitation uses 
methods of frequency analysis applied to U. S. Weather Bu- 
reau records. The same methods are widely used in determin- 
ing probable peak rates of flood flow. They have been used to 
compute rainfall intensity frequencies. The methods involve 
the principle of sampling and the laws of chance. In using 
these there is no intent to ignore those laws and forces which 
control amounts and distribution of rainfall. Rather, it is felt 
that some of these laws are not yet fully understood. Not all 
of the forces can be measured. Some of them are thought to 
originate beyond this planet. Together they form a complex 
pattern. Their net effect seems to be about that which would 
occur if precipitation were subject to laws resembling those of 
pure chance. (As is shown later, smooth carves are drawn 
through points plotted on logarithmic-probability paper rather 
than straight lines as would be necessary if precipitation were 
assumed to follow strictly the laws of chance.) 

Stations were chosen from those whose records are published 
by the U. S. Weather Bureau. A search was made to find records 
which covered periods of at least 40 years. As far as possible, 
places were chosen to form a square grid pattern about 40 
miles on each side. In parts of the High Plains it was not 
possible to meet, ail these standards. In the sparsely populated 
or recently settled districts, 40-year records do not exist. Towns 
with long records may be far apart. Here it was necessary to 
use a few stations with shorter records. No record of less than 
32 years was used. Here, also, distances between stations had 
to be much greater than planned. In all, 225 stations were 
chosen and their records assembled. 

The compilation for each station includes its whole life up 
to the end of 1944. A few of the stations had been closed 
before this date. The compilation of these is brought up to 
the end of the last full year. This procedure brings together 
records of differing lengths. A few records are from $2 to 40 
years. Most of them are 50 to 75 years. There can be no 
valid objection to this. Records of differing lengths are not 
mixed in the same series. The computations are for but one 
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station and use only one record. The analysis serves to fix the 
most probable value for that one place. 

An analysis was to be made of each record to obtain the 
amounts of precipitation for 4 degrees of dependability. Pro- 
portions of 80, 60, 40, and 20 per cent of the time were selected 
as corresponding to 4, 3, 2, and 1 year out of five. Values 
were to be derived for each month and quarter and for the 
growing season and year. The analysis follows the methods 
given by Hazen? in “Flood Flows”. The amounts of precipi- 
tation are listed in chronological order. They are then com- 
piled in order of descending magnitude. The plotting position 
is computed in “per cent of time’. The results are plotted on 
logarithmic-probability paper designed by Hazen, Whipple, 
and Fuller. Per cent of time is the abscissa on the probability 
scale with the corresponding amount as ordinate on the loga- 
rithmic scale. A smooth curve is drawn through the plotted 
points. The amounts of dependable precipitation are then 
picked from the curve as ordinates corresponding to the se- 
lected proportions of time as abscissas. 

Maps were to be drawn to put these results in form for 
use in the field. These maps show the areas where amounts 
of dependable precipitation are about the same. One series of 
maps was to be made for each of the 4 degrees of dependability. 
Each series was to have 18 maps, one for each month and 
quarter and one each for the growing season and full year. 
These maps are made by locating each station on a base map. 
The dependable precipitation for that place is put on the map. 
Lines to show equal amounts are drawn in the same way as 
lines showing equal elevation on contour maps. Where there 
is doubt as to the right location for a line, more weight is 
given to the values at places with long records. This is done 
since a basic principle of sampling is that the larger the sam- 
ple, the more reliable. In the High Plains, near the foothills, 
it has been observed that amounts of precipitation increase 
with the elevation. This fact is considered in locating lines of 
equal precipitation where there are no station records. It re- 
sults in these lines having curvature over divides between 
streams resembling that of contour lines. 

Soon after the work was well started it was necessary to 
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stop in favor of urgent war jobs. It has not yet been pos. 
sible to resume the work. Before this interruption some ad- 
vance data had been prepared. This covered the High Plains 
of eastern Colorado and New Mexico in the series of 80 per 
cent dependability. Maps were drawn for the first and ‘ourth 
quarters, the months of April, May, June, July, August, and 
September, and for the full year. It had also been possible 
to draw maps for July showing the amounts of precip ‘tation 
for each of the four degrees of dependability. Samples c/ these 
maps are shown in Figs. 1 and 2. 

This method of showing precipitation data is not offered 
as a cure-all or panacea. It is suggested as a new too! to be 
used with other information. It is still necessary to know 
whether snow, rain, or hail is the usual form of precipitation 
at critical seasons. It is an aid to know the manner in which 
it occurs. All of a gentle, soaking rain may enter the soil. 
Much of the moisture from a violent thunderstorm may be 
lost as runoff. 

It helps to know that these results are based on the theory 
of sampling and a distribution which follows laws resembling 
the laws of chance. In tossing a coin, in a few tries, say, five, 
it may happen once in a while that all tosses show “heads”, 
It may be that all will show “tails”. As the number of tosses 
increases to, say, 100 tries, it is increasingly probable that 
“heads” and “tails” will turn up in about the same number. 
So, in a somewhat similar manner with these results, while 80 
per cent of the time represents 4 years out of five, in any 5- 
year period amounts less than those shown may not occur at 
all. They may.occur once. They may occur several times. 
Based on a long time, however, say, a century, it is probable 
that smaller amounts will not occur in more than about 20 
years out of the hundred. 

The accuracy of these amounts should be good if the use 
of this method of analysis is acceptable. The records used 
average 49 years in length. The values are picked from curves 
at spots well within the limits of the plotted points. No ex- 
tension of curves was necessary. The information on the maps 
is generalized. The effects of local topography can not " 
shown. The records used include (Continued on page 166) 
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Fig. 2 Amount of rainfall likely to be equalled or exceeded 80 per cent 


of the time (four out of five years) 
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A Course in Agricultural Hydrology 


By R. H. Dubois 


Junior Member A.S.A.E. 


ROBLEMS of drainage, erosion control, and irrigation 
P fall naturally into the field of agricultural engineering. 


per week for a period of eighteen weeks. This course is a pre- 
requisite to a four-credit-hour course in soil and water con- 
servation. 

Following is a basic outline of the material which is cov- 
ered by recitation assignments: 


I Precipitation 
A Forms 
B Sources 
C Occurrence (geographical) 
D Characteristics 


1 Intensity - Frequency 
2 Duration 
3 Distribution (seasonal) 
E Reporting, analysis, and application of records 
II Surface Runoff 
A Sources 
B Measurement 
C Reporting, analysis, and application of records 
D Relation to 
1 Cover 
Land use 
Precipitation 
Soil characteristics 
Temperature 
6 Topography 
7 Stream flow 
8 Evaporation - Transpiration 
III Evaporation and Transpiration 
A Factors affecting 
6 Plant requirements 
C Application to drainage, irrigation, farm ponds, 
runoff, and other agricultural uses 
IV Infiltration and Deep Seepage 
A Factors affecting 
B Rates and amount 
V Classification of Climate 


_... 


Wm wh 


This paper was prepared expressly for AGRICULTURAL ENGINEERING. 
R. H. Dusots is instructor in agricultural engineering, Kansas State 
Collexe, Manhattan, Kans. 


*Davis, C. V., Handbook of Applied Hydraulics, Section 2 by C. S. 
Jarvis. McGraw-Hill Book Co., 1942. 


A Precipitation 
B Temperature 
C Evaporation 
D Drought expectancies 
E Excessive precipitation expectancies 
VI Climate and Crops 
A Ecology of crops as affected by 
1 Length of growing season 
2 Seasonal precipitation 
3 Temperature (mean and extremes) 
4 Latitude (length of day) 
VII Ground Water 
A Occurrence 
B Movement 
C Yield 
D Relation to 
1 Soil 
2 Topography 
3 Stream flow 
VIII Flow of Water 
A Open channels 
1 Natural streams 
2 Canals and flumes 
B Closed conduits 
1 Tile lines 
2 Irrigation pipe 
C Measuring devices 
IX Soil-Water-Plant Relationships 
A Utilization by plants 
B Movement of soil water 
C Measurement of soil moisture 
1 Means of expressing 
2 Methods of measurement 


Laboratory work is coordinated as closely as possible with 
the current recitation schedule. A detailed discussion of each 
laboratory exercise is not within the scope of this paper. How- 
ever, a list of the laboratory exercises, and a brief description 
of the subject matter of each follows: 


No. 1 Care and Adjustment of Surveying Instruments 
(a) Adjustment of the compass 
(b) Adjustment of the Wye & Dumpy level 
(c) Adjustment of the hand level 
(d) Adjustment of the transit 


No. 2 Study of Weather Instruments, Charts, and Data 
(a) Study of purpose, operation, maintenance, and record ob- 
tained from each type of weather instrument 
(b) Study and analysis of record of actual single storms 
(c) Study and analysis of past records 


No. 3 Analysis of Rainfall - Runoff Data 


(a) Plot hydrograph and rainfall curve for a selected storm on an 
experimental watershed 


(b) Analyze and report the results 


No. 4 Study of Stream Gaging Methods 
(a) Determine the flow of a stream by (1) slope-area method, 
(2) current-meter method, and (3) float method 


(b) Compile the data and compare the results of various methods 
of gaging 
No. 5 Study of Suspended Silt Load in Streams 
(a) Collect and analyze samples of water from a stream 
(b) Compile the data obtained 


No. 6 Study of Water-Measuring Devices 
(a) Parshall flume 
(b) Trapezodial weir 
(c) Triangular weir 


(d) Rectangular weir (To be incorporated) 


No. 7 Watershed Mapping Procedure 
(a) Cross-section method: (1) Level and chain; (2) level, 
transit, and plane table 
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vil. gives « man a background of surveying, mathematics, geology, 
be physics, soils, crops, and related subjects which enable him to 

handle the technical phases of these problems. In order to 
ry further strengthen training for work in this particular wee 
ng of agricultural engineering, a course, entitled - Agricu tural 
Bo Hydrology”, has been incorporated into the agricultural engi- 
” neering curriculum at Kansas State College. 
eee The science of hydrology encompasses much more than 
mt the quantitative measurement, orderly presentation, logical 
* analysis, and interpretation of records showing precipitation, 
80 stream flow, evaporation, infiltration, and other intimately re- , 
5. lated phenomena. It properly includes the occurrence, com- is 
at position, properties, transformations, combinations, and move- 
. ments of the waters of the globe*. — ; ’ 
n A study of hydrology as applied directly to agriculture 
20 should acquaint the student with the above-mentioned sub- 
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-" drainage, irrigation, and erosion control. ; 
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(b) Stadia method: (1) Level, transit, and plane table; 
(2) transit and plane table (elevations by vertical angles), 
(3) transit and plane table (elevations by Beaman arc) 

(c) Photogrammetry (use of aerial photographs) 
(To be incorporated) 

No. 8 Soil Studies (Collect samples and determine for several soils) 

(a) Mechanical analysis (hydrometer method) 

(b) Drainage properties (tensiometer method) 

(c) Hygroscopic moisture 

(d) Specific gravity 

(e) Field capacity 

(f) Pore space 

(g) Volume weight 


The subject matter as covered by this outline is undoubt- 
edly covered in various courses at other schools. Part of the 
material was originally presented in other courses at this 
school. However, it seemed advisable to bring the material 
together under one subject, thus creating better coordination 
of the subject matter. Doing so allows a more complete cov- 
erage of material in the courses which were relieved of sub- 
ject matter incorporated in the course entitled “Agricultural 
Hydrology”. As an example of this, it may be noted that 
laboratory exercise No. 7, “Watershed Mapping Procedure,” 
part (a), consists of instruction in mapping by the cross-sec- 
tion method. During the performance of this exercise, proper 
mapping procedure is stressed. However, the map which is 
produced is retained by the student and used the following 
semester, when he plans either a drainage or irrigation sys- 
tem, as the case may be, for the particular piece of land. In 
this way, there is no necessity for using laboratory time from 
the following course (Soil and Water Conservation), for mak- 
ing of maps. The student can spend his time more profitably 
on the technical planning of water-handling systems. Labora- 
tory exercise No. 8, Soil Studies, is used in the same man- 
ner. Samples are collected and analyzed from fields which 
will be used for problems in the following course. It has 
been found that this allows efficient utilization of limited 
laboratory time, and actually makes the agricultural hydrology 
laboratory serve a dual purpose. 

There has been no textbook assigned to the course, since 
at present it seems to be advisable to use abstracts from scien- 
tific journals, federal government publications, and state bul- 
letins as a source of material, with occasional assignments 
from appropriate texts. 

There is a serious need for a text covering the subject of 
agricultural hydrology. There are several excellent books deal- 
ing with the subject of hydrology, but in nearly every case 
the contents are designed for use in the study of large water- 
sheds of many thousands of square miles. It would seem that 
the proper approach from the standpoint of agricultural hy- 
drology would be that of the study of the hydrology of com- 
paratively small watersheds, such as are encountered in the 
design of drainage systems, irrigation plants, soil and water 
conservation plans, and farm water supplies. 


“Dependable Precipitation” 
(Continued from page 164) 


the most severe drought years of recent history. For this rea- 
son, it is thought that the amounts are conservative and safe 
for use. 

The intervals of time covered by the maps are months or 
multiples of months. Maps for other periods are needed. 
Some crops go through droughts lasting longer than one 
month. Their critical period may be six weeks. The critical 
period for others may begin in the middle of a month, Finnell? 
found evidence that rain during the 30 days after July 15th 
might be the most important single factor influencing the yield 
of wheat in the northern High Plains. There is no technical 
obstacle to making maps for periods of any length. There are 
practical difficulties when the period is not a calendar month 
or multiple. Now, few records of precipitation are summar- 
ized by other than calendar months. At best the work of list- 
ing, summation, and tabulation of records for periods of full 
months is time consuming. It can be done at reasonable cost 
only because monthly totals have been compiled. When the 


base period is other than calendar months, totals must be com- 
piled from daily records. This increases the work several times, 
making costs prohibitive. Still the critical periods of some 
plants do not conform to the calendar. There is a necd for 
dependable amounts for periods other than calendar months. 
Some climatologists advocate a review of records of precipita- 
tion. They suggest summaries by 10 or 15-day periods. Such 
summaries would reduce the cost of making the addtional 
maps that are needed. : 

There are many uses for precipitation data shown ‘n this 
manner. At times plant varieties prove not adaptable when 
tried in new places. This may be explained by lack of de. 
pendable moisture at critical periods. Finnell’ studied the fac. 
tors which affect yields of winter wheat in the southern High 
Plains. He found that July rain was the most important single 
influence. Knowledge of July rainfall that can be depended 
on would assist in judging if winter wheat should yield well 
in similar areas. Data in this form will help the farm planner 
make better plans. The soil surveyor may use it in determin. 
ing land-capability classes. It will help him decide on the 
practices and crops he will recommend. The plant breeder 
knows the moisture needs of his new plants during the stages 
of growth. With this data he may avoid introducing them in 
places where rainfall can not be depended on when the plant 
needs it most. An investor will find the data useful in apprais- 
ing farms or ranches. The banker may use it in deciding to 
make a loan. 

_ This offering of precipitation data does not involve any- 
thing new or untried. The methods of analysis have been in 
common use for many years. They are accepted by most hy- 
drologists. They are taught by the U. S. Corps of Engineers?. 
The method takes a vast body of raw data and puts it in a 
form where it can be used easily and safely. The user of data 
in this form avoids the dangers inherent in the so-called “nor- 
mals’ of precipitation. The plan offers those in agriculture 
_ allied pursuits a new tool to help them solve their prob- 
ems. 7 

REFERENCES 

1 Finnell, H. H., 1944, Water Conservation in Great Plains Wheat 
Production. Texas Agricultural Experiment Station Bulletin No. 655 
and unpublished data. 

2 Hazen, Allen, 1930, Flood Flows. John Wiley & Sons. 


3 U.S. Corps of Engineers, Engineering Construction, Flood Con- 
trol Engineering School, Fort Belvoir, Va. 


How Long “Chopped Hay”? 


T3 question is often raised as to how long “chopped hay” 
should be chopped. It seems that some research men and 
feeders are continually asking that the theoretical length be 
a little longer than is possible to cut it with present machines. 

We hear rumors of chopped hay making the mouths of 
cattle sore, but as yet haven't heard of an authentic case. Dr. 
C. F. Huffman, dairy research specialist at M.S.C., says that 
sometimes cattle will have sore mouths when fed long hay 
or chopped hay, but that he never was sure what mace their 
mouths sore. He is sure that chopping the hay wasn't the 
cause, because the ailment is not common to cattle be.ng fed 
on chopped hay; in fact, it isn’t common. 

Agricultural engineers should help settle the ques'ion as 


to length for chopping hay. The manufacturers proba!!y can 
build choppers for any desired length, but to keep c!.inging 
it certainly adds to the cost of the chopper, which is «ventu- 
ally passed on to the user—W. H. Sheldon, Michiga’) State 
College. 
New Federal and State Bulletins 

SewaGE Disposal SERVES RURAL SANITATION, by Robert G White, 

Wyoming Agricultural Extension Circular 98 (January, 1948) (Lara 


mie). Practical information on septic tank and related installations. 


WHEN You BurLp or REMODEL YouR FARMHOUSE, by Deane G. 
Carter and Keith H. Hinchcliff. North Central Regional Pu)iication 
No. 8. Illinois Extension Circular 620 (Urbana). 

This is a contribution of the farmhouse subcommittee of the Re 
gional Farm Structures Coordinating Committee. It indicates desirable 
features for farmhouses for the north central region, from Arkansas 
and Oklahoma to North Dakota and Ohio. 
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RESEARCH NOTES 


A.S.A.E. members and friends are invited to supply, for pub- 

lication under this heading, brief news notes and reports on 
research activities of special agricultural engineering interest, 
whether of federal or state agencies or of manufacturing and ser- 
vice organizations. This may include announcements of new pro- 
jects, concise progress reports giving new and timely data, etc. 
Address: Editor, AGRICULTURAL ENGINEERING, St. Joseph, Mich. 


USDA Notes on Performance Standards, Lightweight 
Aggregates, Wind Erosion Control, Rice Con- 
ditioning and Psychroenergetic Lab 


By Jane Tuttrup 


A‘ NIFORM basis for measuring the adequacy of building materials 
au! construction methods is the objective of a new publication is- 
sued | the technical office of the Housing and Home Finance Agency, 
entitle! “Performance Standards.’” The pamphlet proposes performance 
standards for such structural elements of the house as floors, walls, par- 
titions, ceilings, and roofs, and presents data on insulation requirements. 

Intended primarily for use by building officials, manufacturers, 
architects, engineers, testing laboratories, and others concerned with 
produ.tion aspects of housing, the publication emphasizes performance 
standards for materials and structural systems as an improvement on the 
common building code practice of stating requirements in terms of 
types, grades, dimensions, spacings, mixes, etc. The Agency states that 
this approach provides considerably more flexibility in the use of new 
materiils and building techniques and is a needed step in the program 
of modernizing building codes to keep pace with progressive develop- 
ments in dwelling construction. 

Extensive research in engineering data and test reports is reflected 
in the report, which was prepared in consultation with other federal 
agencies, technical and engineering societies, trade associations, and pro- 
fessional engineers. The HHFA will welcome comments and suggestions 
for improving the requirements. It is expected that as the standards 
are applied under varying conditions additional knowledge will be 
forthcoming which will eventually lead to a nationally accepted set of 
performance standards. 

Lightweight Aggregates. Another useful publication available from 
the HHFA is “Lightweight Aggregates for Concrete,"’ the report of a 
survey begun in the fall of 1946 by the Construction Branch, National 
Housing Agency. The object of the survey was to gather specific re- 
liable information on the newer and tested materials. The six types of 
aggregate investigated were expanded shale or clay (Haydite), expanded 
clay, pumice, diatomite, perlite, and vermiculite. 

HHFA is sponsoring a special research and testing program on 
monolithic concrete utilizing lightweight aggregate materials. It is be- 
lieved that the lack of reliable engineering data concerning such ma- 
terials has limited their wider use in house construction. Cooperating 
in this work are the Bureau of Standards and the Bureau of Reclamation. 
Initially, samples from 24 producers of lightweight aggregates are be- 
ing divided between the two facilities. Both bureaus will employ com- 
parable laboratory procedures. Preliminary tests to determine density, 
strength, and insulation properties will be followed by structural tests, 
all aimed at developing engineering data which will make possible the 
application of rational analysis to lightweight concrete structures. 


Wind-Erosion Control. Wind erosion specialists of the USDA Soil 
Conservation Service in the Great Plains have concluded after nearly two 
decades of study that soil blowing can be prevented in dry years, only 
if precautionary measures are used in the good years as well as in the 
dry years. At the top of the list is crop-residue management, or mulch 
culture. That means harvesting grain or other crops so as to leave 
adequate residue in the field and using it effectively as a surface protec- 
tion to the soil. 

Rice Conditioning. Agricultural engineers of the Bureau of Plant 
Industry, Soils, and Agricultural Engineering in cooperation with agri- 
cultural experiment stations in the rice-producing areas will initiate a 
study of better ways to dry and store rice. This is one of two projects 
covering research given top priority by the Rice Advisory Committee 
which have been approved under the Research and Marketing Act. The 
other project, directed by the Grain Branch of the Production and Mar- 
keting Administration, will develop new methods and standards for 
evaluating rouch rice to meet modern methods of production, handling, 
Warehousing, processing, and marketing. 

Better methods of drying or conditioning and storing rice are badly 
needed because of the increased use of combines in harvesting the crop. 
Combined rice usually contains more moisture than rice harvested under 
the ol’cr and separate operations of binding, shocking, and threshing. 
Combining has helped rice farmers handle their increased production 
and mect labor shortages. But better drying and storage facilities have 
not kept pace with the present-day harvesting procedures. Last year's 
U.S. rice crop was more than 71,000,000 bushels, with a farm value of 
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$153,000,000. The 1936-40 five-year average was about 50,000,000 
bushels, valued at $35,636,000. 

Studies of requirements, methods and equipment for drying rice will 
include laboratory and field tests on methods and types of driers. Stor- 
age studies will check moisture content and temperature against rice 
deterioration and determine what types and sizes of storage are best 
for preserving quality of the grain, protecting against insects, and less- 
ening labor. 

The need for revision of rough rice standards also comes from the 
rapid shift to combine harvesting, to handling and storing rough rice 
in bulk rather than in bags, and to new methods of processing. The 
present rough rice standards are inadequate to meet modern methods of 
handling and marketing. Revised standards are needed to measure mill- 
ing and other qualities at the time of warehousing or marketing. The 
plan is to develop a simple, rapid test of the milling yield and quality 
of each lot of rough rice and to develop a new set of standards that fit 
bulk handling and warehousing. 

Psychroenergetic Laboratory. Representatives of the Missouri Agri- 
cultural Experiment Station and the Bureau of Plant Industry, Soils, 
and Agricultural Engineering held open house on March 11 at the new 
Psychroenergetic Laboratory, Columbia. The laboratory is now com- 
pleted and in readiness for the first series of tests. The purpose of the 
conference was to acquaint interested research workers with the facili- 
ties available at Columbia for basjc research on environment as it affects 
animal shelters and to obtain their suggestions for future research along 
both basic and practical lines. Although a considerable period of time 
will be required to determine the fundamental facts that govern design 
of shelters, it should be possible to start practical application studies 
at an early date and develop them along with the basic work, making 
appropriate changes as more basic information becomes available. 

Initial objects of research at the laboratory are to discover the 
effects of environmental factors on the health, growth, and production 
of dairy cows; to determine the optimum environment for maximum 
production and what the producer must pay in terms of production for 
deviations from that optimum; and to measure the animal heat and 
moisture production at all levels of environment. 

An explanation of the need for basic data on functional require- 
ments was presented by Wallace Ashby, chief, division of farm build- 
ings and rural housing, USDA. The physiological background and the 
elements considered in setting up first experiments were discussed by 
Samuel Brody, professor of dairy husbandry, University of Missouri. 
A. C. Ragsdale and H. A. Herman from the department of dairy hus- 
bandry at Missouri explained the selection of animals. Questions of 
environmental control in the laboratory and procedure in first experi- 
ments were discussed respectively by H. J. Thompson and J. R. Mc- 
Calmont, USDA agricultural engineers. Inspection of the laboratory 
after luncheon was followed by a round table discussion led by W. G. 
Kaiser of the Portland Cement Association and participated in by repre- 
sentatives of the building materials and farm equipment industries, the 
A.S.A.E. advisory committee, and the agencies cooperating in the labora- 
tory investigations. 


New York Notes on Watering Poultry 
By C. N. Turner 


T= Hope-Flannigan Act has made it possible to conduct a study of 
water supply systems for the small poultryman. The study is a 
part of the poultry house equipment project being conducted at the 
New York State College of Agriculture, with the agricultural engineer- 
ing and poultry husbandry departments cooperating. 

The use of electric heating cable which was developed during the 
winter of 1943-44 has become very popular with the larger poultry- 
men. A 16-page bulletin is being published to help poultrymen make 
their existing systems automatic and protect them from freezing. How- 
ever, the heating cable has its limitations and is not adapted to the 
small poultryman’s problem. Therefore, the new study is aimed toward 
developing an automatic supply system for the small flock owner. 

Five 20x20 ft houses of the Cornell shed roof design have been 
equipped with five different assemblies to provide the birds with water 
at the proper temperature at all times. Standard equipment and parts 
which could be readily obtained at low cost were employed in the vari- 
ous designs used. Each house has a frostproof pit for the supply pipe 
and waste water drain. 

House A has a home-built bubbler cup installed on the vertical 
supply pipe in a 12-in vitrefied tile. No artificial heat is supplied be- 
cause the water flows continuously bringing with it heat from the earth 
below the frost level. 

House B has a drinking trough supplied by a 4-in pipe and auto- 
matic float valve. The pipe and valve are protected from freezing tem- 
peratures by means of a wood box about 7 in square. A 100-w screw- 
base cone heater and wafer thermostat located in the box maintain above 
freezing temperatures. 

House C has the same type of supply and drinking trough as in B 
except that a thermostatically controlled solenoid valve allows water to 
flow and by-pass the float valve when the house temperature falls be- 
low 34 to 36 F. The wasted water collects (Continued on page 178) 
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NEWS SECTION 


A.S.A.E. Annual Meeting Program 


7 1948 Annual Meeting of the American Society of Agricultural 
Engineers will be held at the Multnomah Hotel in Portland, Ore- 
gon, June 21 to 23. The meeting will actually get under way with the 
start of registration on the afternoon of Sunday, June 20, and with 
special entertainment, furnished by the committee on local arrange- 
ments headed by Clyde Walker, on Sunday evening. 

There will be two general sessions during the meeting. The first 
one, on Monday afternoon, June 21, will include the President's An- 
nual Address by George A. Rietz, manager, farm industry division, 
General Electric Co., and an address by H. B. Walker, professor of 
agricultural engineering, University of California, which will be in the 
nature of a resume of 16 years of sugar beet machinery research. Im- 
mediately following this, the annual business session of the Society 
will be held. 

The second general session is scheduled for Wednesday forenoon, 
June 23, and will be devoted to keynote addresses on rural electrifica- 
tion, irrigation, and possibly farm structures. 

The evening of June 23 will be given over to the Society's annual 
dinner, with Ivan D. Wood presiding as master of ceremonies. 


PoWER AND MACHINERY PROGRAM 


The Society's Power and Machinery Division, under the chairman- 
ship of Carlton L. Zink, head, tractor tire division, tire engineering 
department, Firestone Tire & Rubber Co., has arranged a program for 
three half-day sessions, two of which will be devoted exclusively to 
the general subject of the mechanization of sugar beet production. 

The program for Monday forenoon, June 21, will open with a paper 
on the development of a new sugar beet harvester by J. B. Powers, 
University of California. This will be followed by a symposium on 
the present status of development of commercial sugar beet harvesters 
in which the following speakers will participate: J. L. Hipple, Inter- 
national Harvester Co.; V. F. Bozeman, John Deere Wagon Works; 
A. M. Jongeneel, and E. F. Blackwelder, Blackwelder Mfg. Co., and 
W. E. Nicholoy, Scott Viner Corp. 

Another symposium —a review of the 1947 mechanical harvesting 
of sugar beets — will be a feature of this session, with Perc A. Reeve, 
Farmers’ and Manufacturers’ Beet Sugar Assn., presenting a review for 
the eastern area of the country, Rowland M. Cannon, Utah & Idaho 
Sugar Co., a review for the intermountain area, and Austin A. Armour, 
Spreckels Sugar Co., a review for the Pacific Coast area. 

The second period of this program, scheduled for the forenoon of 
Tuesday, June 22, will open with a paper on the processing of sugar 
beet seed by Roy Bainer, University of California, which will be fol- 
lowed by a paper on the relation of planter development to sugar beet 
seedling emergence by W. S. McBirney, agricultural engineer, U. S. 
Department of Agriculture. R. D. Barmington, associate research engi- 
neer, Colorado A. & M. College, will present a paper on the relation 
of seed, cell size, and speed to beet planter performance. The final 
paper of this program will be on recent developments in control of 
weeds in sugar beets —a joint paper by W. W. Robbins and Roy 
Bainer, University of California. 

The third half-day period of the power and machinery program 
will be mainly. on the subject of weed control, opening with a joint 
paper by E. L. Barger and E. V. Collins of the Iowa Agricultural Ex- 
periment Station and R. A. Norton, USDA agricultural engineer, on 
engineering problems in the design of chemical weed control equip- 
ment. Following this, W. P. MacDonald, manager, agricultural depart- 
ment, F. H. Peavey & Co. will discuss some interesting developments 
of field spraying equipment for weed control in the spring wheat and 
flax-growing areas. Recent developments in equipment for the applica- 
tion of herbicides will be the subject of a paper by N. B. Akesson and 
W. A. Harvey of the California Agricultural Experiment Station. The 
program of this period will close with a report on the progress toward 
standardization of hydraulic controls for farm implements to be pre- 
sented by E. W. Tanquary of the International Harvester Co. 


RURAL ELECTRIC PROGRAM 


The rural electric program for the first half-day — Monday fore- 
noon, June 21— arranged under the direction of Clarence J. Hurd, 
junior past-chairman of the Rural Electric Division, and owner, Hurd 
Farm Electric Supply, Spokane, Wash., will open with a paper on the 
development of automatic water systems for poultry in winter by C. N. 
Turner, Cornell University, and will be followed by a paper on a new 
single-phase electric motor for farm applications by B. P. Hess, West- 
inghouse Electric Corp. Myron G. Cropsey, Oregon State College, and 
June Roberts, State College of Washington, will present the results of 
research work at their respective institutions on poultry house floor 
heating. The closing number of this program will be a paper on new 
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A.S.A.E. Meetings Calendar 


April 16-18—GEorGIA SECTION, Myers Lodge, St. Marks, fia. 
April 23-24 — PENNSYLVANIA SECTION, Ag Engineering Bl .., 
Pennsylvania State College, State College. 


April.29 to May 1— Missouri SecTION, Hotel Muehleb:-h, 
Kansas City, Mo. 


May 3 — CuicaGo SECTION, Builders’ Club, Chicago. 


May 6— MICHIGAN AREA SECTION, Michigan State Collec, 
East Lansing. 


May 14-15 — VirGINIA SECTION, Hotel Roanoke, Roanoke, \a. 


June 21 to 24— ANNUAL MEETING, Multnomah Hotel, Port- 
land, Oregon. 


September 8-10 — NortH ATLANTIC SECTION, Ontario Azti- 
cultural College, Guelph, Ont., Canada. 


October 21 and 22 — PaciFic NorTHWEST SECTION, Columbia 
Gorge Hotel, Hood River, Ore. 


December 13-15 — WINTER MEETING, Stevens Hotel, Chicago. 


developments of poultry and dairy barn ventilation equipment by Nolan 
Mitchell, Aerovant Fan Co. 

The second half day of the rural electric program, on Tuesday 
forenoon, June 22, will open with a paper on improved farm wiring 
materials by H. H. Watson, standards engineer, appliance and mer- 
chandising dept., General Electric Co. The contributions of commer- 
cial laboratories to farm electric equipment development will be dis- 
cussed by T. K. Dimmitt, Puget Sound Power and Light Co., and pos- 
sibly by other speakers. One or two other papers will also be provided 
for the program of this session. 

The Rural Electric Division will collaborate with the Soil and Water 
Division on a joint program on spray irrigation for the forenoon period 
on Wednesday, June 23. 


Soi. AND WATER PROGRAM 


Ralph C. Hay and Aldert Molenaar, respectively chairman and vice- 
chairman of the Soil and Water Division, are arranging the program 
for ‘three half-day periods which will give special attention to soil and 
water problems and achievements in the western part of the country, 
particularly of the Pacific Northwest. The opening program on Mon- 
day forenoon, June 21, will start off with a paper on the use of snow 
survey data for agricultural planning by R. A. Work, U. S. Soil Con- 
servation Service. It is expected that a paper on drainage of irrigated 
lands will be presented at this session by a representative of the USDI 
Bureau of Reclamation. Two papers on water spreading, one in Cali- 
fornia and the other in North Dakota with farm equipment, have been 
tentatively scheduled for this session. 

The second half day of the soil and water program, on Tuesday, 
June 22, will include a paper on permeability measurement procedure 
by R. K. Frevert, Iowa State College, and a paper on concrete drain 
tile by D. G. Miller, U. S. Public Roads Administration. Two other 
papers are being arranged for this period. 

The program for the third period, on Wednesday, June 23 — a joint 
program with the Rural Electric Division — will be devote.) exclu- 
sively to the general subject of sprinkler irrigation. Arrangem<nts are 
now in progress for several speakers to contribute to this prog:om. 


FARM STRUCTURES PROGRAM 


The Farm Structures Division, under the chairmanship o! Henry 
Giese, professor of agricultural engineering, Iowa State Colles. is ar- 
ranging a program for three half-day periods, on June 21, 22, «nd 23, 
which will include all or most of the following subjects: Pre! abrica- 
tion of small buildings, results of five-year tests in spray pai>'ing of 
farm metal roofs, environmental requirements for swine, housin. prob- 
lems in the Columbia Basin area, farm structures problems ir Alaska, 
farm buildings in other countries, graphs for use in rapid caiculation 
of stresses in grain bins, and regional research in the select on and 
utilization of materials for farm building construction. Other possible 
subjects to be included in the farm structures program are ren >deling 
needs in farm structures, a survey of pen milking barns, the Ri A farm 
sanitation program, recent developments in the manufacture «id use 
of precast concrete septic tanks, and application of the tilt-up method 
of concrete construction for farm buildings. 


COLLEGE DivisiON PROGRAM 


The College Division, under the chairmanship of A. J. Schwantes, 
chairman, agricultural engineering division, University of Minnesota, 1S 
planning a one-half-day session during the (Continued on page 170) 


4 re ee on od aon) Coe ees" her Pol >i Ak x Soto wale = eae; 
ee = Rae ae 2 Pie rr a re 5: eee fot a ae EROS ey ae ait 
Ae aS 4 > \ As a mas Wee a pA ee es ce ; ie eee Sere. I 
ee Ly oF; ae —,- eT ees te gt ie Me ee Moe. a ae ito eae ar 
See | ok) a ate Ne eS eee 2 alge, ak “Tien 2 - cS ae aS ae 
‘a ROR ee os cag oad ee RE Sm een eae es Rite War OO ei : ae i. Bo ee Sen Sak avd 
es. s pike 
Meeker 
oo Sake 
a me 
Mer as 
am 
mes 
, en , = 
an fe 
a eee 
eae Re rer ence e eee c ener eee 
a ; 
i bi Sie 
ge a 
Shpeoen ts 
Babi Saleen | © 4 
le 
ce 
oe 
feet i= ca a 
_ ae; 
Se Pe 
Ti, caaates 
aaa eee 
r | eee 
eee 
aa 1 
E: rs i 
eee 
Be trier. 
Peo ; 
a. a. 
pete aol ————L——————————————————————_—_——— 
ae ee 
: ; 
“Se 
Sees ae 
Ma bor ‘ 
ae ae 
ie “1 
he Wee, 
ha, oe 
ae Tate 
4 se a 
ei j 
ee 
re an “ 
a 
“Saleh amy 
. Seek 
2 a a ae 
Ne Be 
ont a ae 
Le (srad 
ea 
I 7 
ae 
Naa he 
ie 
Res. 
Sikes HSE 
mae r 
bh coeitays' 5 
e: ea 
a 
uate a 7 
Y arees 
pees 
7 a 
: Ac 
aati x 
Lary ey 
mere ' 
ea ae 
ee. aie 
Pa peer . 
ciate my 
se a 
foe mi Bee, on OO i ee Pe ee ammo BAC MR RON eS eR ae ie are at a . s . rome ne Lalgee ae 7 
Suu ge Pd ev ef ae ee ets = ene } eed Say oe a ° ESAT 5 Saar aren Oey eer or a7 
itat yee Eee u pee he  - 7, oe : SES Vir eeteraes. oor MACE Co far 
jal. tae ee tna Fe ae en cl as a! Ee RAE ee es bar 
ee SG Oh OR WAS sey NE 2 a . Be es rr. 
a ; ieee a tee ed oe aE Seaton, eA * 
Nae eA 4 | ee a) ep peed Giine oo ee oy aah te, 
Grim | rae SS Ree eee ee iat 3) See oe F ay Poke Boe Makerere ss i ee : 
SU pe > iia’ sao an i ae d+ Sie oe ~ hae sec lee S en ie, Pee MRE 41s Mie aud ACen 5 


8 


| BEAT HARVEST RAINS 


oe 
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e Yes, you can make hay, pick corn, com- 
bine grains in the rainiest weather when 
you have an American All Crop Dryer. Hay 
baled or chopped with 50 to 55% mois- 
ture content is dried at rate of ton an hour 
in field or barn yard. Operation requires 
less work, brings you better hay. On corn 
and grains you can beat the frost, end the 
waste resulting from spoilage. Write today 
for details about this new invention that 
guarantees you full crops, better crops. 


LOOK! What This Amazing Machine Does 
Drys ear corn in crib — 500 


bushels per day ® Drys all high 
moisture grains — wheat, oats, 


barley, rice, peanuts — thor- 

oughly, quickly, at low cost. 
* @ Eliminates fire hazards of 

makeshift drying © Compact, 
* portable, mounted unit. 


If you have a hay or grain drying problem, write us... 


AMERICAN CROP DRYING EQUIPMENT CO. 
CRYSTAL LAKE, ILLINOIS 


. * 
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meeting which will deal largely with power and machinery subject 
matter in the professional agricultural engineering curriculum, and 
which will cover such phases as teaching objectives, subject matter to 
be taught, related courses from other departments, number’ of courses 
in the curriculum, course and sequence, and methods of teaching the 
various courses. 

A program of particular interest to members of A.S.A.E. Student 
Branches and Student Members of AS.A.E. is now being arranged by 
the Committee on Student Branches headed by F. W. Peikert, pro- 
fessor of agricultural engineering, Michigan State College, in collabora- 
tion with officers of the National Council of A.S.A.E. Student Branches. 
It is planned for this program to be in three and possibly four parts. 

It is expected that copies of the program in printed form will be 
available shortly after May 1, and will thereupon be mailed to mem- 
bers of the Society. Others interested may obtain copies by writing to 
A.S.A E. headquarters, St. Joseph, Michigan. 


A.S.A.E. Officers for 1948-49 


a‘ A result of the regular election of officers of the American Society 
of Agricultural Engineers conducted recently by letter ballot, the 
following have been elected and will take office at the close of the 
Society's annual meeting to be held at Portland, Oregon, in June. 

President— Arthur J. Schwantes, chief, agricultural engineering divi- 
sion, University of Minnesota. 

Councilors (3-year term each) —C. J. Scranton, chief engineer, 
harvester division, Allis-Chalmers Mfg. Co., and D. G. Carter, professor 
of farm structures, University of Illinois. 

The new Council of the Society for the year 1948-49 will include 
the above-named officers together with the following: M. L. Nichols 
and G. A. Rietz, past-presidents; C. N. Hinkle, P. T. Montfort, E. D. 
Anderson, and W. W. Weir, councilors. 

The newly elected Nominating Committee of the Society consists of 
J. P. Fairbank (chairman), G. B. Nutt, and B. G. Van Zee. Members 
of the Society are invited to send any member of the Nominating Com- 
mittee such suggestions as they may have for nominees for the elective 
offices of the Society in the next annual election of officers, to be held 
early in 1949. It is desirable that such suggestions be made on or be- 
fore June 1, 1948. 


A.S.A.E. Three-State Section to Organize 


A‘ A meeting of the Missouri Section of the American Society of 
Agricultural Engineers to be held at the Hotel Muehlebach, Kan- 
sas City, Mo., April 29 to May 1, the organization of a three-state 
section, comprising Kansas, Nebraska, and Missouri, will be effected, 
whereupon the Missouri Section will be dissolved. 

The program was planned to be of interest to agricultural engi- 
neers in all three states, and will open with a dinner: at 6:30 p.m., 
April 29, with Howard E. Everett, editor and manager of “Implement 
and Tractor,” as master of ceremonies. The principal feature of the 
dinner will be an address by A.S.A.E. President Geo. A. Rietz, man- 
ager, farm industry division, General Electric Co., who will speak on 
opportunities for agricultural engineers. 

The program for the forenoon session of April 30 will open with 
a panel discussion of the subject of training 4-H club leaders in ma- 
chinery maintenance. C. N. Hinkle, agricultural engineer, Standard 
Oil Co. of Indiana, will discuss the place of the manufacturers in such 
a training program, and R. S. Clough, 4-H club leader for Missouri, 
will talk. on the value of such training. Following discussion from the 
floor, the subject will be summarized by John M. Ferguson, Kansas 
State College. 

Three papers will conclude the program of this session —one on 
evaluating soil losses from field areas, by D. D. Smith of the U. S. 
Soil Conservation Service, another on upstream flood control by Austin 
W. Zingg, also of the SCS, and a third by H. J. Thompson, USDA 
agricultural engineer, on the new psychroenergetic laboratory at Colum- 
bia, Mo., for making studies of farm building requirements. 

Missouri Section Secretary Paul N. Doll will preside at a special 
luncheon on April 30, on which occasion considerations in organizing 
a three-state section of the Society to replace the present Missouri Sec- 
tion will be discussed by A.S.A.E. National Secretary Raymond Olney. 

The afternoon of April 29 will be given over to a tour of the Fair- 
fax industrial district in Kansas City, and the Section business meeting 
will be held at the Hotel Muehlebach in the evening. 

The forenoon session on May 1 will open with a panel discussion 
on important research problems in the three-state area — Kansas, Ne- 
braska, and Missouri — of particular interest to agricultural engineers. 
The speakers will be F. C. Fenton, Kansas State College, who will out- 
line research problems in his state; K. B. Huff, University of Missouri, 
who will discuss research problems in Missouri, and C. W. Smith, 
University of Nebraska, who will review matters of research interest 
in that state. Following discussions from the floor, a summary of the 


AGRICULTURAL ENGINEERING for Apri) 1948 


discussions will be made by’ J. C. Wooley, University of Missouri, 

The concluding number of the program will be an address by Dr, 
C. L. Schrewsbury, chairman of agricultural chemistry researcl at the 
Midwest Research Institute in Kansas City, who will discuss the work 
of the Institufe in relation to research in the agricultural exp: riment 
stations in the three-state area. 

Officers of the Missouri Section extend a cordial invitation to all 
A.S.A.E. members and others interested in the program to attend the 
meeting in Kansas City, and they suggest that those who plan to attend 
make their hotel reservations early by writing Miss Gladys Blanck, 
reservation manager, Hotel Muehlebach, Kansas City, Mo. 

Copies of the program and other information about the meeting 
may be obtained from Paul N. Doll, P. O. Box 355, Jefferson City, 
Mo., or from the A.S.A.E. headquarters office at St. Joseph, Mich, 


Schaller New Chairman Minnesota Section 


T= Minnesota Section of the American Society of Agricultural En- 
gineers at its annual dinner meeting held March 4, in the Coffman 
Memorial Union at the University of Minnesota, elected John H. Schal- 
ler, advertising manager, Rilco Laminated Products, Inc., and formerly 
head, research section, agricultural engineering development division, 
Tennessee Valley Authority, as the new chairman of the Section for the 
ensuing year. Also elected were vice-chairman, Martin Ronning, chief 
engineer, power machinery division, Minneapolis-Moline Power Imple- 
ment Co., and secretary-treasurer, Marvin Nabben, agricultural engineer, 
Northern States Power Co. The Section’s new nomination committee 
for the year consists of D. G. Miller (chairman), P. W. Manson, and 
B. G. Van Zee. 

More than 50 members and friends of the Section attended the 
dinner, the outstanding feature of which was an address by A.S.AE. 
President, George A. Rietz. Ronald A. Glaze, chief engineer, Weyer- 
haeuser Sales Co., presided as master of ceremonies at the dinner. 


Pennsylvania Section Program 


T= Pennsylvania Section of the American Society of Agricultural 
Engineers is offering a most attractive program for its coming 
meeting to be held April 23 and 24, in the Agricultural Engineering 
Building, Pennsylvania State College, State College. 

The first session of the meeting, on the afternoon of Friday, April 
23, will open with a talk on farm structures, with particular reference 
to the Better Farm Buildings Association, by J. F. Schaffhausen, vice- 
chairman, A.S.A.E. Farm Structures Division, and manager, farm mar- 
kets division, Johns-Manville Corp. F. Oliver, Pennsylvania Power and 
Light Co., will present a paper on corn drying, and L. S. Singley of 
West Penn Power Co., a paper on grain drying. A field method of 
moisture determination will be discussed by H. V. Walton, Penn State 
ag engineer. R. E. Wineland, also of the Penn State ag engineering 
staff, will talk on hay crushers and forage choppers. A paper on weed 
control by S. M. Raleigh of the Penn State agronomy department will 
close the program for the session. 

D. C. Sprague, of the Penn State ag engineering staff, wil! preside 
at a dinner meeting on April 23. At this meeting, Paul Margolf of the 
Penn State poultry department will discuss new methods of marketing 
poultry, following which motion pictures presenting new developments 
in farm machinery will be shown. The remainder of the evening will 
be given over to two round tables, one on power and machinery to be 
directed by C. H. Bingham of Penn State ag engineering extension, and 
the other on rural electrification directed by Stanley Bidlack, ‘arm ap- 
plications engineer of the Philadelphia Electric Co. 

The theme of the session on the forenoon of Saturday, April 24, 
will be tillage requirements of field and vegetable crops, and w:'! open 
with a talk by F. G. Merkle of the Penn State agronomy des \rtment 
on tillage and soil relationships, followed by one on tillage require- 
ments for vegetable crops by M. L. Odland of the horticulture ‘epart- 
ment of the same institution. W. W. Tranter, engineer, A. B. Firquhar 
Co., will discuss tillage requirements for potatoes, and Harold ‘<ellett, 
a vegetable grower near Philadelphia will report on his tillage | vperi- 
ences. A. W. Clyde, Penn State ag engineer will present a p:ner on 
safety stop hitches, followed by a report on tillage experiments by R. 
E. Patterson, also of the Penn State ag engineering staff. }. B. R. 
Dickey of the Penn State agronomy extension service will close ‘! « pr0o- 
gram with a talk on the practical aspects of tillage. 


Turner Heads National Fertilizer Committee 


Al ITS business session in Chicago last December the Nation«! 
Committee on Fertilizer Application elected as its new ch. 'rman, 
Arthur W. Turner, assistant chief, USDA Bureau of Plant Incus 
Soils and Agricultural Engineering, in charge of agricultural en 
ing research. The National Joint Committee is comprised of repre 
sentatives of the American Society of Agronomy, American Socicty for 
Horticultural Science, National Fertilizer Association, Farm Equipment 
Institute, and the American Society of Agricultural Engineers. Mr- 
Turner is a past-president of A.S.A.E. 
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pone steel is delivered to the job pre-cut 
to length at the warehouse. 
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The steel framework is welded together 
into one strong unit. All members are 
standard steel shapes. 


New Site Welded Machinery 
Storage Building, 36’ x 60’ x 10’, 
at the Whiting Farm, Ludlow, 
Illinois. This building is very 
accessible because of the spacious 
doors, it has excellent appearance 
and is resistant to wind, fire, 
lightning and weather. 


New NYyoe of tee! ONStIUCTION 


LEADS THE WAY TO IMPROVED FARM BUILDINGS 


-S-S Site Welded Steel Frame Buildings 
are a big step forward in the design of 
efficient, high quality farm buildings. 

Farmers, agricultural college professors, and 
Carnegie-Illinois Steel Corporation engineers 
have worked together to perfect designs for farm 
buildings constructed of steel. These structures 
are “Functionally Designed” to meet farm needs. 
The supporting steel frames of these buildings 
can be fabricated and assembled on the site by 
welding, thereby obtaining the economical and 
positive character of rigid construction. 

Site welded buildings are designed in standard 
sizes 24’ x 60’ and 36’ x 60’, with lengths variable 
in multiples of 12’. They are roofed and sided 
with 24 gage corrugated galvanized steel sheets. 
The sheets are securely attached to the steel 
frame by self-tapping, plated cap screws with a 


soft lead washer against the sheet and a steel 
washer under the head of the screw. Between 
steel columns the sidewall sheets are nailed to 
intermediate wood studding. These buildings are 
constructed of steel, wood and concrete, with 
each material functionally utilized to furnish 
the buyer the most for his money. 

Site welded construction can be used for most 
farm buildings. However, it must be remembered 
that this is a new development and materials 
are as yet available only in limited quantities. 

Last year, approximately 60 U-S-S Site 
Welded Buildings were constructed, demonstra- 
ting the practicability and serviceability of this 
type of construction. For information write to 
Agricultural Extension Bureau, Carnegie- 


Illinois Steel Corporation, Room 2019 Carnegie 
Building, Pittsburgh 30, Pa. 


CARNEGIE-ILLINOIS STEEL CORPORATION 
Pittsburgh, Pa. 


United States Steel Supply Company 
Warehouse Distributors, Coast to Coast 
United States Steel Export Company, New York 
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HELPING THE AMERICAN FARMER 
DO A BETTER JOB 


SISALKRAFT “CASE HISTORIES” OVER A PERIOD OF 
20 YEARS IN THE FIELD OF PRACTICAL RESEARCH 


y SISALKRAFT SILOS: 


: It was back in the late ’20s . . . on a farm in the 
ane dairy belt . . . snow-fence lined with SISALKRAFT 
was used to form walls fe: + temporary silo. Filled 
with silage, it looked like a practical idea . . . but 
the SISALKRAFT (as it then was made) was rotted 
through by silage acids. 


SISALKRAFT researchers analyzed the cause of 
this failure . . . soon developed an acid-resisting 
SISALKRAFT that solved the major part of the 
problem . . . engineered some simple, improved 
adaptations of the SISALKRAFT-lined snow-fence 
for silos . . . and started the movement that has 
since resulted in hundreds of thousands of success- 
ful SISALKRAFT silos throughout the past two 
decades. Last year, at very low cost, farmers built 
more than 50,000 such silos, in capacities of 20 to 
200 tons . . . thus saving untold tons of silage 
that might have been wasted. 


SISALKRAFT Practical Research has been con- 
tinuous . . . aiming always to help the American 
Farmer do a better job, economically . . . as evi- | 
denced by many similar achievements of SISAL- 
KRAFT on the farm. 


Should you have a problem where a remarkably strong, 
waterproof paper might be helpful, please write to 


Dept. A.E. 


KRA : ‘Am 
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Henderson New Southwest Section Chairmaff 
A= of approximately 100 members and friends of ihe South. él 


west Section of the American Society of Agricultural Engines, 
comprising the states of Texas, Louisiana, Oklahoma, and Arkansx 
gathered at the meeting of the Section held at Texarkana, Teas, Mard 
26 and 27. At the business session of this meeting R. H. S. Henderso 
assistant manager of the Dallas branch, Allis-Chalmers Mfg. Co., wa 
elected chairman of the Section for the ensuing year, succee ing Kyk 
Engler. 

Harold T. Barr, head of agricultural engineering research, Louisian 
State University, was elected vice-chairman, following a term as secre 


tary-treasurer of the Section, and Ross R. Mauney, agricultural engineer, § 


Arkansas Power and Light Co., was elected the new secretary-treasure 
of the Section. 


One of the features of this year's meeting was the activity of agri. 
cultural engineering students who are pursuing agricultural engineering § 


curriculums in the land-grant colleges in the Section area. 


Personals of A.S.A.E. Members 


———— 


Elmer R. Daniel has resigned his position as household engineer, iz 


agricultural engineering division, Tennessee Valley Authority, and js 
now employed as rural electrification specialist with the Oklahom 


Agricultural Extension Service, under cooperative contract with the § 


USDA Extension Service and Rural Electrification Administration, 


Arthur Huntington, past-president of A.S.A.E., and public relations 
engineer and economist, Iowa Electric Light and Power Co., recently 
received from Ohio State University the belated award of a Varsity 
sweater for his service with the University football team during the 
season of 1895. 


A New Barn-Wiring Cable 


To THE EpiTor: 


I AM sending you a sample of a brand new type of barn-wiring cable 

constructed such as I had hoped to be able to obtain at some future 
time. You will note that the copper is insulated with 1/32 in of type 
R rubber, over which is extruded 1/64 in of neoprene. The two con- 
ductors are then paralleled and covered with a 1/32-in jacket of neo- 
prene. Both dielectric value and impact resistance are much greater 
for this new construction than is common to any ordinary non-metallic 
sheathed cable. The resistance of neoprene to exposure to acids, mois- 
ture, and sunlight is common knowledge. 

The cost of this new wiring material (trade name “RoBARN’”’) to the 
contractor will be, approximately, only $15 per 1000 ft above the cost 
of the lowest-priced non-metallic sheathed cable now available. Inas- 
much as the average barn in this area (Minnesota and the Dakotas), 
apparently requires from 250 to 500 ft of wire, the actual cost per barn 
for cable, which should last indefinitely, over and above the cost of the 
non-metallic sheathed cable which must be replaced in from two to six 
years, would not be more than $7 or so. 

The Rome Cable Corp., producers of this new wiring material, have 
agreed to make a continuous run which will last until present jobbers 
have ample stocks. 

Since the A.S.A.E. winter meeting at Chicago last December, at 
which I presented the paper, entitled “The Case Against Non-Metallic 
Sheathed Cable,” (see AGRICULTURAL ENGINEERING for February, 1948, 
page 55), I have beep besieged by engineers from many mills, and no 
doubt there will be other companies soon producing barn-wiring mate- 
rial similar to the sample I am sending you. 

Engineer GLENN ROWELL 


Fire Underwriters Inspection Bureau 
Minneapolis, Minnesota 


An Agricultural Engineer's Day in !ndia 


To THE Epitor: 

MAY and varied are the problems to be considered daily by an ag 
ricultural engineer in a city like Calcutta. Some extracis from the 

daily program of an agricultural engineer may make stran<c and paf- 

tially amusing reading. He is mainly concerned with the farm machin- 

ery field. To the sales agent, to the representative engineer, and to the 


average tractor mechanic and driver of whose vocation 1s concerned 
with tractors and other farm machinery. E 
I should give some indication of his duties in his preset capacity. 


For an engineering concern, and especially in a commercia! firm, the 
basic purpose of his position is to organize and to administer fairly 
large diesel and kerosene engineering business for sales. Thi of course 
entails full representation of an American manufacturer, like Interna 
tional Harvester, Caterpillar, etc. : 

A brief summary of his duties during the day in a single week will 
give a clear idea of the varied ranges of work which he anyhow of 
other manages to tackle. ; 

He generally commences the day by clearing the past pry: mail. 


One will see on his table a pile of letters (Continued on page 174) 
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Applies FERTILIZER 
as he CULTIVATES 


Milo Ferini and D. Ardantz, keen cover 30 acres in a 10-hour day! It 
ranchers of Santa Maria, California, costs about $290 to make. Mr. Ferini 
hit on the happy idea of adapting a and Mr. Ardantz have found that it 
fertilizer distributor to their culti- pays to farm with Texaco Products. 
vator tractor; thus, one man is able And they like the service they get 
to do two jobs at once. from Texaco Man K. E. Trefts and 
The “cultivator -fertilizer” his driver, J. F. Draper. 


g cable 
future 
of type 
‘0 con- 
f neo- 
greater 
1etallic 
mois- 


to the 
ie cost 
Inas- | Mr. D. Ardantz points to two old auto transmissions on ferti- 
otas), f lizer attachment that permit 9 rates of distribution speed. In 
r barn § foreground is Texaco Marfak, the lubricant that sticks to 
of the J bearings longer and gives better lubrication protection. 
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L 
Tune-up time: Mr. George C. Strong, 
successful potato farmer of Long 
Island, N. Y., applies Marfak to his 
L grain drill as popular Texaco Man 
Q. C. Hurdle looks on. Mr. Strong 
: finds it pays to use Marfak lubricant 
4 rf because it sticks to the job and 
fon resists wash-out, jar-out, 
hin squeeze-out and dry-out. 
» the rrynerteniaidtsiaer Se 
ned Ws.a friendly “deal” — doing business wi THE TEXAS COMPANY 
city. Engelke, delivers Fire-Chief, the gasoline with superior “Fire-Power.” 
_ the 
airly Tune in: TEXACO STAR THEATER every Wednesday night featuring 
yurse Gordon MacRae, Alan Young, Evelyn Knight. See newspaper for time and station. : 
erna- rs. - < Ai: 7 = 
a . 2 : =f 3 2 Te ’ , Ps 
will ee 3a . é f, 4 
P <a aa : " = a v , ‘ ~ 
nail. DIVISION OFFICES: Atlanta 1, Ga.; Boston 17, Mass.; Buffalo 3, N. Y.; Butte, Mont.; Chicago 4, Ill.; Dallas 2, Tex.; Denver 1, Colo.; Houston 1, Tex.; 


174) Indi:napolis 1, Ind.; Los Angeles 15, Calif.; Minneapolis 2, Minn.; New Orleans 6, La.: New York 17, N. Y.: Norfolk 1, Va.; Seattle 11, Wash. 
Texace Products alse distributed by McColl-Frontenac Oil Company, Limited, Montreal, Canada 
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Ag Engineer’s Day in India 
(Continued from page 172) 


and a few telegrams always awaiting his action. Generally asking sup- 
ply of a machine or some spare parts from ready stock. Several wanting 
suggestions for the improvement of farm and undertakes of various 
schemes, asking quotations and ensuring satisfaction for the future 
service. He generally gets 3 to 4 mails a day, and tell you frankly 
every mail brings him a severe headache and new problems. Particu- 
larly the morning mail is a nuisance. 

Enquiries for new tractors and engines mean dictating full specifica- 
tions for immediate dispatch. Most of the time you will see him busy 
with his steno dictating replies of the letters. Meanwhile, he gets a 
ring and you will see him hurriedly referring to files or turning the 
pages of his folder as he has to give definite information then and there 
on the phone. He has not yet finished, and the bearer appears with 
some visiting cards. Thinking that the next few minutes will be spent 
in discussion, he puts the matter in abeyance of dictating letters and 
directs his steno to go, and simultaneously shooks his head towards the 
bearer to call the men in. He puts up the receiver and shakes hand 
with the fellows and greets them with a smile on his face. Here he 
meets all sorts of men—farmers, engineers, contractors—and tries his 
utmost to tackle the job and see that they go happy and satisfied. 

He looks at the clock; it is one. Ah! time for launch. He thinks 
that he will get some rest. In the meantime, he gets a ring from ser- 
vice station; mechanics are unable to understand the complicated ma- 
chine. Off he goes in a taxi to service station. After few minutes you 
see him busy with a wrench and a hammer in his hand explaining and 
assembling the machine. 

“Sahib, telephone,"’ shouts cooli; he puts the tools and hurriedly runs 
to the phone. His boss is calling him in the office; he leaves that job 
unfinished and returns. There he meets his clients and faces the usual 
complaint for spares and delivery date problem. Now you will find 
him giving excuse and putting blame on the suppliers of the equip- 
ment; anyhow he satisfies his clients. 

In the mail he gets a letter which invites him to see the farm con- 
ditions. At once, he goes to his boss and arranges his going. He really 
loves country sides and farm life and gets relief for a day or two. 

Never I believe one will have a more interesting position. 


Assistant agricultural engineer, R. P. SAXENA. 


Volkart Brothers, Calcutta, India. 


S agricultural engineers well know, thou- 

sands of American farms need new homes 
that meet modern standards of comfort, con- 
venience and firesafety. 

Concrete’s firesafety makes it the logical 
farm home building material. Its moderate 
first cost, low upkeep and lifetime service also 
make it a wise investment. 

Then too, concrete homes are weathertight 
—warm in winter, cool in summer and clean 
and dry the year around. Concrete homes can 


American Ag Engineers Visit West China 


To THE EpirTor: 


URING the month of December, 1947, the Committee on Agricul. 

tural Engineering consisting of E. L. Hansen, H. F. McColly, Archie 
A. Stone, and the writer, and now serving with the National Agricul. 
tural Research Bureau of China visited Szechwan Province in West 
China. The Committee flew to Chungking from Nanking and ‘raveled 
on to Chengtu then farther north by a light truck. Chungking was the 
wartime capital of China, while Chengtu was a capital of the country 
centuries ago, and during the war was the seat of many displaced gol- 
leges and universities. The ten-day trip back from Chungking was by a 
river steamboat down the Yangtze River, through the gorges, a thrilling 
experience, to say the least. 


Szechwan Province is not as large as Texas, but it is larver than 
California. There we found a highly developed manual type of agri- 
culture, subtropical in character. The principal crop is rice, but a wide 
variety of crops including fruits are grown. The fruits included ber. 
ries, oranges, bananas and apples. Szechwan is an area which produces 
an agricultural surplus. Its products would go a long way toward tak- 
ing care of China's food deficiencies if adequate transportation were 
available. Here agriculture has continued with little apparent change 
for centuries. Many interesting observations might be described, but the 
trip to the Tukiangyien irrigation system was of particular interest to 
the Committee and may be to our friends. 


The Tukiangyien irrigation system is located north of Chengtu, and 
we traveled by bus through the irrigated area to the headwaters of the 
two large canals into which the water of the Meankiang River is di- 
verted. After inspecting the canals and the temple erected in honor 
of Li-Ping the governor who with his son built the early works, we 
were carried in sedan chairs over the mountains to see the diversion 
dam. 


The system is 2200 years old, having been built about 250 B.C, 
and it has continued down through the years without much change 
except for some expansion. The two main canals now water more than 
500,000 acres of some of the world’s most productive land. 


The irrigation works consist primarily of a diversion dam for di- 
viding and directing the flow of the Meankiang River. These dams are 
of an original type of construction and are rebuilt every year. The base 
of the dams are made of wooden tripods (Continued on page 176) 
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be built in any size or architectural style—on 
any floor plan. 

Any home is a better home when built of 
concrete. 


ILLUSTRATED BOOKLET 
FREE Write today for a free copy 
of a new 32-page booklet—“Building 
Better Farm Homes with Concret:.” 
Distributed only in the United States 
and Canada. 


. — 
PORTLAND CEMENT ASSOCIATION 
Dept. 4-1 33 WEST GRAND AVENUE, CHICAGO, 10, ILLINOIS 


A national organization to improve and extend the uses of portland cement and concrete 


. . . through scientific research and engineering field work 
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Roll call for the battle against farm rust 


First to answer is Armco Zinccrip. The coils of this 
special-purpose steel pictured above will be formed by 
leading manufacturers into stock tanks, poultry equip- 
ment and parts for combines, corn pickers and other 
fam machinery and equipment — to wage a stubborn 
fight against rust. 

Manufacturers of farm equipment like ARMco 
Zinccrip because its tough zine coating doesn’t break 
or peel in even the severest manufacturing operations. 
This assures complete rust protection. Years of testing 
under all kinds of atmospheric conditions show the 
special zinc coating of Zincerip lasts 15 to 45 per cent 
longer than regular galvanized coatings. Even in stock 
tanks, in constant contact with water, ZiNccRIP has 
proved its exceptional durability. 

The farmer’s machinery and equipment cost less 
when made of Zinccrip because they serve him years 


oS. 
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longer. He has fewer replacements and repairs, less lost 
time because of laid-up machinery. 


ZINCGRIP is typical of the many special-purpose steels 
perfected by Armco to help manufacturers build better 
products for the farm. Each was developed to give 
longer service in a particular product or type of use. 
Alert farmers know that the famous Armco triangle 
means extra quality in steel. That’s why they look for 
it when they buy. The American Rolling Mill Com- 
pany, 96 Curtis Street, Middletown, Ohio. Export: The 
Armco International Corporation. 


TURN IN YOUR SCRAP NOW—Help make more steel 


Scrap piles in most steel mills are critically low. Unless this shortage 
is relieved, everybody must wait longer for steel. You can help. Check 
your unusable tools, machines, and obsolete equipment. Collect all the 
steel scrap you can find and speed it through regular channels to the 
mills. Remember—more scrap means more steel, sooner. 


O ZINCGRIP STEEL 
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"AG ENGINEERING» 


SLICING MAKES ¢ 
FEEDING EASIER 


Applying engineering principles to the farmer’s needs, 
Agricultural Engineers developed the “Sliced Bale”. 
Like bread, hay handles easier if sliced. Feeding it, 

_ slice by slice, the rest of the bale stays tight and tidy. 
No pulling and tugging to feed every forkful. Any 
farmer who ever fed an unsliced bale knows what that 
means. And he’s grateful to the Ag Engineer for placing 
knives where they'll cut with every stroke of the plunger. 
Each bale has a plus benefit . . . clean cut slices. 

For benefits like these, the credit goes to Ag Engineers. 
First, they understand the need of the farmer feeder. 
Then, from their drafting boards ... right on through 
field testing to production...comes the part that 
fulfills this need. In this case, clean-cutting knives 
to give clean-feeding bales. 


NEW HOLLAND MACHINE COMPANY 
NEW HOLLAND, PENNSYLVANIA 


NEW HOLLAND (3) 


Ag Engineers Visit West China 


(Continued from page 174) 


covered with bamboo mats which are plastered with mud 0: the up. 
stream side. 

The weirs for controlling the head of water are made, fc 
part, of bamboo cages filled with stones referred to as “sausages” 
Every year the works need to be partly rebuilt or repaired, ..d a cer. 
tain amount of excavation is necessary to guide the river flo: . 

A visitor cannot help being greatly impressed with the ext«nt of the 
system as well as its age. The fact that the works are not move perma. 
nent causes most engineers to ponder about the advisability o° a differ. 
ent type of construction. The visitors are shown a model i 


the most 


‘ustrating 
how it is hoped to change and expand this most interesting ad ancient 
example of irrigation works. 

Nanking, China J. B. Davinson 


Turner Reviews Research for Canning Industry 


—— Status of Agricultural Engineering Research” was the subject 
of an address, January 20, before the Raw Products Conference of 
the National Canners Association convention at Atlantic City, N. J., by 
Arthur W. Turner, assistant chief, in charge of agricultural engineering 
research, Bureau of Plant Industry, Soils, and Agricultural Engineering, 
U. S. Department of Agriculture. A few highlights from his presenta- 
tion of agricultural engineering as a factor in the cost and quality of 
farm products for commercial canning follow: 

“Engineering has done much for the factory side of the food-can- 
ning industry just as it has for all manufacturing, transportation, com- 
munications, and construction. It can do just as much in field opera- 
tions on the crops that the canning industry processes. 

“The objectives of engineering applications and research in agricul- 
ture may be summed up as (1) precision planting of high-quality seed 
and seed stock, (2) full product recovery through efficient harvesting, 
and (3) quality control through proper methods of production, storage 
and handling. 

“Agricultural research, both state and federal, is largely public serv- 
ice research. Public service research is directed first of all toward solu- 
tion of basic or fundamental problems. The problems of basic research 
in engineering are those that are common to a group of producers or 
groups of manufacturers. It is the job of public service research to de- 
velop the basic data. Once this is available, producers and industry 
apply it through individual practice or industrial developments. 

“Applications of engineering in crop production, harvesting, and 
processing are tending to eliminate weather hazards. Controlled me- 
chanical planting, use of new methods of weed control through flame 
and chemicals, and development of drying or conditioning facilities are 
giving the producer the means for planning his season's operations with 
greater skill than ever before. 

“At this time there are many important questions under considera- 
tion in agricultural engineering research. Here are just a few of them: 

“What crop-conditioning requirements and facilities does the pro- 
ducer need so he can hold and market his commodities in top quality 
condition at his own convenience rather than to sell fhem on a flooded 
market at harvest time? This question opens up a whole fic!d of engi- 
neering research that is relatively unexplored. 

“Can tobacco, cotton, peanuts, sweet potatoes, and in fact all vege- 
table crops, be mechanized for quantity production and quality control? 
On many of these products the surface of the research that needs to be 
done has barely been scratched. 

“How much does the producer pay for inefficiency in fa 
ing plants and small industries handling farm products, ani 
engineering do to reduce costs? Output per worker varies +s much as 
25 per cent in creameries within boundaries of a county, 8) per cent 
in milk marketing, and 65 per cent in poultry processing p!. tts. 


m process- 
what can 


“Can the potentiometer be used to supplant the seed germ sation test 
as a means for determining seed viability and growth cha: cteristics? 
Some experiments have shown rather startling results and i» icate this 
instrument may have untold value to the plant breeder. 

“You may be interested now in what agricultural engin «rs in the 
Department of Agriculture are doing and where. 

“The Farm Machinery Division is organized to the fo!’ wing pat- 
tern: The commodity group, which we call "vertical," ms cs studies 
leading to the development of specialized crop production 2: .: harvest- 
ing machinery for peanuts, tung nuts, sweet potatoes, sugar © 1¢, sugar 
beets, and cotton. 

“The horizontal phase is according to operations — pest 2nd plant 
disease control machinery, fertilizer placement, tillage machin: :y investi 
gation, and weed control machinery. These obviously cut across all crops. 


“Earlier I indicated that our work was cooperative wit! the state 
agricultural experiment stations. To list all the projects 9.1 accom: 
plishments would be a lengthy procedure. So I will list oniy some of 
the recent developments to which federal agricultural engincers have 
made important contributions: ; 

“Sweet potatoes: New bed cultivators, disk-type transplanter, vine 
removers, sweet potato digger. (Continued on page 178) 
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Yes! Out the window went 11% hours of hard, 
tiresome, wnnecessary work. In its place, Mr. 
Unverfehrt gained 1% hours of freedom — extra 
time for other chores and other profit opportunities. 


“My Jamesway water cups alone save me an 
hour a day,” he says, ‘‘and my Jamesway stanchions 
and stalls save another half hour. Add that up for 
one year and I save nearly 30 days of choretime! 


Jjamesway 


TRADE MARK REG. 


“Greater ease of handling my herd of 20 Hol- 
steins means a big saving in work. So does easier 
barn cleaning. Water cups not only save steps, 
but have increased my monthly milk check 10%!” 

What Mr. Unverfehrt has done, you can do 
too — at surprisingly low cost. Modernize your 
barn now! Your Jamesway dealer will be glad to 
show you how Jamesway plans and equipment can 
turn your time into extra profit! 


While Jamesway dealer, Paul Fark, looks on, Mr. Unverfebrt (left) points 
to bis Jamesway water cups which have boosted milk production 10%. 


Sei > en ae he 


: @ 


‘a Save up to 40 C] Save up to 30 
minutes with minutes with 


See your Jamesway dealer first for quality products 
ond service. For free literature, write Dept. HD-348. 


James Manufacturing Company 
ELMIRA, N. Y. FT. ATKINSON, WIS. OAKLAND, CALIF. 


AGRICULTURAL ENGINEERING for April 1948 


Save up to 50 
[] minutes with [] 


Jamesway feed truck. Jamesway water cups. Jamesway litter carrier. Jamesway hog feeders. 


Save time and 
feed with 


Look for the Store with 
the Jamesway Sign. 


cuts my daily chore time... 


says Walter Unverfehrt, Hoyleton, Illinois 
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Reviews Ag Engineering Research 
(Continued from page 176) 


“Insect control: Bait mixers and distributors, uniform dust hoppers, 
abrasion testers, uniform nozzle distribution mechanism, and airplane 
dusters and sprayers. 


“Apples and pears: Improvements in refrigerated storage facilities, 
warehouse and refrigerated (and heated) railway cars, motor trucks. 


“In the solution of these problems those of us in public service re- 
search need the active cooperation of groups such as yours to enable us 
to do a better job for taxpayers who pay our salaries. An arrangement 
the farm equipment industry uses to keep in touch with our work 
might also be applicable by the National Canners Association. Farm 
Equipment Institute has an advisory committee on research that has met 
with us a number of times to become informed on the research facili- 
ties and projects of our Bureau. This committee has developed a list of 
research projects for considefation by state and federal agencies. It is 
also sponsoring research-industry conferences in representative states all 
across the country once or twice each year.” 


Research Notes 
(Continued from page 167) 


in the trough, except during extremely cold weather, when the by-passed 
water overflows into a standpipe drain to the pit below. 


House D has a cone-shaped drinking cup attached to the end of a 
vertical supply pipe. It is known as the “Johnson drinker’. The sup- 
ply is maintained in the cup at all times by means of a floating inner 
cone. The water pipe and cone assembly were enclosed in a 4-in vitre- 
fied tile around which was placed a 10-in tile and the space between 
them filled with a mica type of insulation. A mixture of portland 
cement and sand was used to seal the insulation at the top and bottom. 
No artificial heat was used during most of the season, but sufficient 
ice formed in the cone assembly to make it inoperative about three 
times without damage. 


House E has only recently been equipped with an automatic supply. 
A cup type of drinker originally obtained from California has been in- 
stalled and protected from freezing by means of a newly developed 
thermostatically controlled heating tape. The 20-ft length and 140-w 
heating capacity make it adaptable to the 8 ft of supply pipe and cup 
assembly. A square wash tub fitted with a drain in the bottom and 
a wire platform overethe top serves to catch the water spilled by the 
birds and that wasted when the cup is cleaned. 


financing technique. 


44 Wall Street 


Additional Working Capital 


Many established corporations today need 
additional working capital to provide for in- 
creasing production and distribution costs. Many 
need funds for expansion or modernization. 


During the past twelve months a new econo- 
mical method of raising capital by means of 
preemptive rights has been perfected. We have 
prepared a booklet which describes this new 


Upon request, we will be pleased to send a 
copy of our new booklet entitled “The Financ- 
ing of Stock Issues with Preemptive Rights.” 


SHIELDS & COMPANY 
New York 5, N. Y. 


During this 1947-1948 season all five installations have performed 
satisfactorily with regard to freezing protection. Data on temperature, 
water, and electric energy consumption are being obtained for compara. 
tive analysis. Considerations as to availability of materials and equip. 
ment, cost of installation, cost of operation and durability of the vari. 
ous units will be important in determining which of the five develop. 
ments will be best suited to the small poultryman. In the opinion of 
those making the study, the “Johnson drinker’ holds the most promise 
at the present time. 


Considerations in Foreign Aid 
(Continued from page 143) 
our intelligent selection of the specific items which would be 


most helpful under their conditions rather than under ours. 
In some of our previous foreign aid efforts we have for- 


gotten this elementary fact, much to our discredit. To permit. 


it to be forgotten again would be to condemn ourselves in 
multiple as poor humanitarians, poor custodians of our tech- 
nology and its benefits, poor examples of human response to 
cultural advantages. 

Another weakness’ in our previous foreign aid efforts was 
pointed out to the Senate Committee by True D. Morse, presi- 
dent, Doane Agricultural Service. The manner in which we 
have given that aid has failed to encourage the people con- 
cerned to do their own best to re-establish a sound self-sup- 
porting economy. Mr. Morse urged the Committee to “Put 
further European aid on an incentive basis. I find people very 
positive on this point. Farmers who work six and seven days 
a week in this country are not very tolerant of the reports of 
European miners and other laborers working only three days 
per week or only long enough to buy what their ration stamps 
permit.” 

Americans are not interested in simultaneously subsidizing 
both sides of any of the various class and ideological strug- 
gles common in Europe. They are not the kind of fights we 
like to see as exhibitions, at any price. 

It should be apparent by this time that we cannot take 
for granted the constructive use of material aid furnished to 
other countries. We should make it clear that only a limited 
amount of such aid is available, and 
that it will be directed to the places 
where people show a will to coop- 
erate in its effective use to re-estab- 
lish a self-supporting economy. In 
some cases we may have to insist on 
their following our technological and 
business guidance in the use of the 
aid provided. 

We claim no clear insight into 
the divine plan for populations which 
continually strain their means of sub- 
sistence to the suffering point, and 
further waste it in internal and ag- 
gressive wars. We do believe that 
America can and must improve its 
stewardship of the technological and 
material assets at its command to im- 
prove the lot of mankind, both here 
and abroad. Paul Mulliken and True 
Morse have clearly indicated two spe- 
cific ways in which this can be done. 
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) nt vy _IN’SILVER KING” 
—— TRACTORS 


“Silver King” Tractors are available in 
standard four wheel types, also. 


Distinguished for power, speed and easy control, “Silver 
King” tractors incorporate the experience of Fate-Root- 
Heath Co., Plymouth, Ohio, gained in manufacturing 
sturdy machinery, including thousands of “Plymouth” 
industrial locomotives, during the past half-century. 


Fate-Root-Heath has engineered long, trouble-free serv- 
ice life into the “Silver King” by making all vital parts of 
strong, tough, wear-resistant materials, including nickel- 
chromium cast irons, as well as nickel-chromium and 
nickel-chromium-molybdenum steels. 


Bull wheel hubs, transmission cases, goosenecks (on the 
three-wheel type) are among “Silver King” parts cast in 
nickel-chromium iron. Moreover, the Continental engine 


Over the years, International Nickel has accumulated a fund of useful in- 
formation on the properties, treatment, fabrication and performance of 
engineering alloy steels, stainless steels, cast irons, brasses, bronzes, nickel 
silver, cupro-nickel and other alloys containing nickel. This information is 


yours for the asking. Write for “List A’ of available publications. 


that powers the machine utilizes nickel alloy iron to assure 
wear-resistance of the cylinder block and other vital castings. 


In addition, stressed parts such as transmission gears and 
shafts, final drive pinions and drive shafts are of heat 
treated nickel-chromium or nickel-chromium-molybdenum 
steels. And the Timken roller bearings for transmission 
and rear axle are also heat treated nickel alloy steels. 


The wide range of nickel alloys available, permits select- 
ing one with extra qualities for any specific use. Send us 
details of your metal problem to obtain our recommenda- 
tion. Write us today. 


MORE SCRAP— MORE STEEL!...Move your scrap now! 


TRADE mare 


THE INTERNATIONAL NICKEL COMPANY, INC. 
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This equipment, produced by Livestock Sprayer Mfg. Co., of San 
Jose, Calif., operates through 25 nozzles, set to cover every 
portion of the animal's body, and forces powerful sprays against 
the grain of the hair, penetrating to the very pores of the hide. 
Assures complete saturation of every sq. in. of head and body 
with approved insecticide. Operating rate: 135 gals. per min., 
5 to 8 seconds per animal, or 140 to 175 animals per hour. 
Dependable power is supplied by a 4-cycle single cyl. Wisconsin 
Air-Cooled Engine — a typical application of versatile, weather- 
proof engine power to meet the highly diversified demands of 
industry in many fields, 


re J 

irhovks 2m WISCONSIN MOTOR CORPORATION 
af | World's Largest Builders of Heavy-Duty Air-Cooled Engines 
MILWAUKEE 14, WISCONSII 


- Soil Must Be Productive... 
or We Can’t Prosper 


Planting on side of terrace with Farmall H Tractor at Hershey 


| gr premngapay HARVESTER has long subscribed to the principle that 
if there is to be a “tomorrow” for both agriculture and industry, 
soil conservation practices must be carried out today. 


To promote this modern farming, the company last fall held the 
fourth and fifth of a nation-wide series of In-Service Training Courses 
on farm machinery for Soil Conservation Service personnel. They were 
staged in Region Five, Lincoln, Nebr., and Region One, Hershey, Pa. 

Thousands of interested persons attended these meetings to watch 
machines fight “land on the move.’ These men, supported by Interna- 
tional Harvester and IH Dealers, form an army that is waging a great 

peace-time battle: the conservation of the land, our great- 
eS est heritage. 


INTERNATIONAL HARVESTER COMPANY 
80 North Michigan Avenue CHICAGO 1, ILLINOIS 


New Literature 


oneness 


FARM MACHINERY AND EQUIPMENT by H. P. Smith. Third editiog 
Cloth, XIII + 520 pages, 6x9 inches. Illustrated and indexed. McGray. 
Hill Book Co. (New York 18) $5.00. 

It has been ten years since publication of the second edition of this 
standard text and reference. Improvements in farm machinery during 
that time have been extensive. The third edition has been almost com. 
pletely rewritten to cover machines and machine elements now in ys 
or coming into use, and to eliminate material on older models rapid); 
disappearing from general use. 

Chapters in the current edition are grouped into 17 parts covering 
importance of farm machinery to agriculture, principles of farm ma. 
chinery, soil preparation machinery, seedbed preparation machinery. 
seeding machinery, cultivating machinery, dusting and spraying ma. 
chinery, harvesting machinery, seed preparation machinery, {ced prepa. 
ration machinery, fertilizing machinery, transportation equipment, clean. 
ing and grading machinery, soil and water conservation machinery, labor 
saving equipment, pasture machinery, and economics of farm machinery. 


NATIONAL TRACTOR AND FARM IMPLEMENT BLUE Book (1948 edi. 
tion). Paper, 160 pages, 414x614 inches. Illustrated and indexed, Na- 
tional Market Reports, Inc. (1315 S. Michigan Ave., Chicago 5, III.) 
$3.50. Appraisals and other trade data. 


HANDBOOK OF THE BETTER FARM BUILDINGS Ass’N. Paper, 25 
pages, 534x814 inches, loose-leaf. (25 Elm St., Ardsley, New York). 
Organization, administration, and services of the association. 


SAFETY IN FARM MECHANICS AND WITH FARM MaAcuines. Rural 
Series Bulletin No. 2, Department of Rural Education, National Com. 
mission on Safety Education of the National Education Association 
(Washington 6, D.C.). Paper, 32 pages, 6x9 inches. Single copy price, 
35 cents. Reduced prices on quantity orders. 

A practical help for extension specialists and teachers of vocational 
agriculture. : 
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OFFICE © CLASS ROOM UNIT 10,781 SQ FT | 
LABORATORY UNIT 26,000 SQ FT 


AGRICULTURAL ENGINEERING BUILDIN« 
LOUISIANA STATE UNIVERSITY 


- a 


| Semper aheiinieth 


Work has been started on the new agricultural engineering building 
at Louisiana State College, Baton Rouge, the floor plan of which 
is shown here. The floor plan is somewhat unconventional, and was 
given this form in order to take advantage of the slightly rolling 
site. Unit A is in two sections, one for offices and one for class 
instruction. There is a difference of 3 ft in the floor level of these 
sections, the office section being on the higher elevation. The assembly 
room has a stepped floor, and this results in a third floor level in 
Unit A as a whole. Connecting the two sections is an open arcade 
or archway which serves also as the main entrance to the building. 
Units A and B are connected by a covered walk with open sides. 
Unit B contains the various laboratories. The completed cost of the 
building and equipment will be approximately $312,000, and the 
expected date of completion will allow occupancy of the building # 
the beginning of the second semester in the school session, 1948-49. 
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Applicants for Membership 


The following is a list of recent applicants for membership in the 
American Society of Agricultural Engineers. Members of the Society are 
urged to send information relative to applicants for consideration of the 
Council prior to election. 


Albrecht, Carl F.—Assistant professor of agricultural engineering, 
Michigan State College, East Lansing, Mich. 


Batson, Brax H.—Manager, equipment division, L. R. Barber Farms, 
Moultrie, Ga. (Mail) 710 Myrtle Lane. 


Benjamin, Joel R.—President, Water Conservation Service Co., 545 
West Smith Rd., Medina, Ohio. 


Brevik, Theodore J.—Instructor (research) in agricultural engineer- 
ing, Michigan State College, East Lansing, Mich. 


Brown, Owen K.—Extension agricultural engineer, University of 
Idaho, Moscow, Idaho. (Mail) 118 South Hayes. 


Cock, R. L—Sales engineer in charge of irrigation dept. R. S. 
Armstrong & Bro. Co., 676 Marietta St., NW, Atlanta, Ga. 


Dawn, George I.—Product engineer, Dear- 
born Motors Corp., 15050 Woodward Ave., 
Detroi:, Mich. 

D. Bruin, W. H.—Development engineer, . 
tractor and implement tires, Goodyear Tire & ® 
Rubber Co., Akron, Ohio. 

Dube, LeRoy S.—Farm specialist, Haver- 
hill Electric Co., 121-125 Merrimack St., Hav- 
erhil!, Mass. 


Evans, John S.—Assistant in agricultural 
engineering, Clemson Agricultural College, 
Clemson, S. C. 


Eves, Par B.—Agricultural power special- 
ist, Coast. Counties Gas & Electric Co., 618 
Main St., Watsonville, Calif. 


Feeley, Mark T.—Assistant chief engineer, 
tractor div., Ford Motor Co., Dearborn, Mich. 
(Mail) 1320 Porter St. 


Glover, W. R.—Instructor in agricultural 
engineering, Mississippi State College, State 
College, Miss. (Mail) P. O. Box 413. 


Graham, W. T., Jr—Buyer, farm equip- 
ment division, Montgomery Ward & Co., Chi- 
cago Ave. and Larrabee St., Chicago 7, Ill. 


Hill, M. Russell—Service manager, Sher- 
man Products Inc., 3200 W. 14th Mile Road, 
Royal Oak, Mich. 


Huntington, E. H.—Sales dept., Whitney 
Chain & Mfg. Co. (Mail) 21 N. Loomis St., 
Chicago 7, Ill. 


Jensen, E. Clem—Sales engineer, Mechanics 
Universal Joint Div., Borg-Warner Corp. 
(Mail) 2020 Harrison Ave., Rockford, III. 


Magnusson, Knut—Farmer, Innisfail, Al- 
berta, Canada. 


Marshall, James — Sales engineer, Security os, 


Manufacturing & Contracting Co., Burlington, 
Wis. (Mail) Box 343. 


Martin, George E.—Installation and service 
engineer, H. E. Robinson & Co., 4 Edward St., 
Port-of-Spain, Trinidad, B.W.I. 

McCurdy, Joseph A.—Farm representative, 
Pennsylvania Power & Light Co., Lancaster, 
Pa. (Mail) 514 West Orange St. 


Miller, Geo. E., Jr.—Assistant general ranch 
superintendent, E. Clemens Horst Co., P. O. 
Box 1024, Sacramento, Calif. 


Moss, Roy I.—Chief project design engi- 
neer, Mount Vernon Implement Co., 230 East 
8th St, Mt. Vernon, N. Y. 


Reid, Crawford—Engineer and sales man- 
ager, Rain Bird Sprinkler Mfg. Corp., Glen- 
dora, Calif. (Mail) P. O. Box 37. 


Stenbolm, Frank A., Jr-—Assistant county 
agricultural agent, Lake City, Fla. 

Thurmond, Robert V.— Assistant county 
agricultural agent, Texas Agricultural Exten- 
sion Service, College Station, Tex. 

Welden, C. D.—Division rural service en- 


=, Alabama Power Co. (Mail) Anniston, 
a. 


- KEEPING ABREAST OF POWER PROGRESS...... 


DONALDSON CO. INC. 


SALES ENGINEERS: 


Witt, Robert H.—Instructor in agricultural engineering, Oklahoma 
A. & M. College, Stillwater, Okla. 


Woolsoncroft, Dale L.—Design engineer, John Deere Des Moines 
Works. (Mail) 117 Logan St., Ankeny, Iowa. 


TRANSFER.OF GRADE 


Huber, Samuel G.—Instructor in agricultural engineering extension, 
Ohio State University, Columbus, Ohio. (Junior Member to Member) 


Ratnatunga, D. M.—Associate agricultural engineer, Department of 
Agriculture, Dominion of Ceylon. (Mail) c/o Over-Seas House, Lon- 
don, S.W.I., England. (Junior Member to Member) 


Resnick, Sol D.—1st Lt., Counter Intelligence Corps, U. S. Army.» 
(Mail) 1624 W. Meinecke Ave., Milwaukee, Wis. (Junior Member 
to Member) 


Roberts, William M.—Educational advisor, Pioneer Electric Co- 
operative, P. O. Box 401, Greenville, Ala. (Junior Member to Member) 


Salter, Milo J.—Test engineer, tractor division, Allis-Chalmers Mfg. 
Co. (Mail) R. R. No. 1, West Bend, Wis. (Junior Member to Member) 
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The new FARMALL CUB | 
has dust protection by | 


DONALDSON. 


This new IH product, 
like all farm tractors, stirs up a 
lot of trouble for itself (dust) in 
the field. To protect the engine 
against abrasive dust—to insure 
longer life, IH specifies Don- 
aldson Air Cleaners as stand- 
ard equipment. 
New developments in power ma- 
chinery often encounter new 
problems in dust control. Donald- 
son research, engineering and 
testing facilities are available to 


ali manufacturers in solving 
these problems. 


‘ST. PAUL 4, MINN. 
‘LTD. ONTARIO 


CHICAGO. a DETROIT 6 


CLEVELAND 
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There if a wide variety of 
EWC wheels and axles for - 
every type of mobile equip- 
ment... . One OF Several may . 


be ideally suited to your pro- 
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Personnel Service Bulletin 


The American Society of Agricultural Engineers conducts a Personne} 
Service at its headquarters office in St. Joseph, Michigan, as a clearin 
house (not a placement bureau) for putting agricultural engineers seek. 
ing employment or change of employment in touch with possible employ- 
ers of their services, and vice versa. The service is rendered without 
charge, and information on how to use it will be furnished by the Society, 
The Society does not investigate or guarantee the representations made 
by parties listed. This bulletin contains the active listing of ‘‘ Positions 
Open’’ and ‘‘Positions Wanted’’ on file at the Society’s office, and infor. 
mation on each in the form of separate mimeographed sheets, may be 
had on request. ‘‘Agricultural Engineer’’ as used in these listings, is not 
intended to imply any specific level of proficiency, or registration, or 
license as a professional engineer. 


a ououououououououooOO 


Nore: In this Bulletin the following listings still current and previ. 
ously reported are not repeated in detail. For further information see 
the issue of AGRICULTURAL ENGINEERING indicated. 


Attention is invited to the desirability of checking on the housing 
situation when considering a new location. 


Positions OPEN: 1947 MARCH—O-543. APRIL—O-552. JUNE— 
0-569, 571. SEPTEMBER—O-581, 582. OCTOBER—O.538, 589, 
NOVEMBER—O-592. DECEMBER—O-597, 598, 599, 604. 1948 
JANUARY—O-605, 606. FEBRUARY—O-607, 608. MARCH—0.609, 
610, 611. 


PosiTIONS WANTED: 1947 FEBRUARY — W-373. May — W-398, 
103. JUNE—W-106. SEPTEMBER—W-119, 120. 1948 JANUARY 
—W-135, 136, 137. FEBRUARY—W-138, 141, 142, MARCH— 
W-145, 146, 147, 148, 149, 150, 151, 152. 


NEW POSITIONS OPEN 


AGRICULTURAL ENGINEER to head research department of a 
southern farm equipment manufacturer. Work will be on peanut har- 
vesting machinery and general tillage implements. Want man with 4 
_to 6 yrs experience in the research department of a major farm equip- 
ment manufacturing concern, and interested in living in southwestern 
Georgia and in rendering a service to the South. Unlimited opportunity 
for advancement. Age 30-40. Salary open. O-612 


MECHANICAL ENGINTER for development work on high-pressure 
pumps and sprayers, and some supervision of small engineering depart- 
ment for manufacturer in New York State, with plant employing 200 
people. Want man with experience in high-pressure pump and spray 
equipment engineering. Knowledge of tractors an advantage. Oppor- 
tunity for advancement. Salary open. O-613 


AGRICULTURAL ENGINEER (assistant professor), for teaching 
and research in farm power and machinery, soil and water, farm struc- 
tures, and farm utilities, in agricultural engineering department of a 
state university in the Northeast. The teaching is to be on an engi- 
neering level. BS and MS deg in agricultural engineering, or equivalent. 
Want man with farm background and with some experience in academic 
or industrial work, or in both. Usual personal qualifications for college 
work. Normal opportunities for advancement. Twelve-month basis. 
Position to be filled by midsummer. Age, under 40. Salary $3700- 
4300. O-164 


AGRICULTURAL ENGINEERS (several) for variety of openings in 
the engineering department of a manufacturing organization expanding 
its implement engineering work. Current openings for experienced proj- 
ect, field test, cost, design, and junior engineers. Midwest location. BS 
deg in agricultural engineering or equivalent, and experience as needed 
for position desired. Excellent opportunity for advancement. These 
openings are in addition to those being filled by promotion of qualified 
men within the organization. Good facilities, congenial organization, 
and management which appreciates the importance of good engineering. 
Salary open. Top salaries paid for the ability, experience and other 
qualifications desired. O-615 


NEW POSITIONS WANTED 


AGRICULTURAL ENGINEER desires work in power and machinery 
or rural electric field. BS deg in agricultural engineering expected June 
1948. Experience as farmer one year, electrician short time, and in U. 8. 
Navy, enlisted and commissioned, 3 yrs. No disability. Available July 
1. Single. Age 23. Salary $2700-3000. W-153 


AGRICULTURAL ENGINEER desires work in field of soil and water 
control or teaching and research. BS deg in agricultural en-ineering, 
with major in soil conservation, Louisiana State University, 1°18. EXx- 
perience as construction project clerk 4 yrs, engineering aide in ‘Soil 
Conservation Service and U. S. Engineer Corps, 2 yrs., and in Navy 
enlisted and commissioned service 3% years. No disability. Available 
June 1. Married. Age 28. Salary open. W-154 


AGRICULTURAL ENGINEER desires teaching, extension sales, 
service, or project engineering work in power and machinery, rural elec- 
trification, or farm structures field. BS deg in agricultural education 
and agricultural engineering, Michigan State College, 1941. MS deg in 
agricultural engineering and rural sociology, Michigan State College, 
1946. Vocational agriculture teacher 7 yrs, including teaching farm 
shop courses, and 2 yrs as superintendent of schools. No di ability. 
Available May 1. Married. Age 30. Salary $4000-$5000. W-155 


AGRICULTURAL ENGINEER desires development, research, or -— 
work in power and machinery field, or irrigation work. BS des in SS 
cultural engineering expected May 1948, University of British ¢ olumb “3 
Experience in machine shop 2 yrs; and in farm labor and manage 
2 yrs. No disability. Available June 1. Single. Age 25. Salary open. 
W-156 : 

AGRICULTURAL ENGINEER desires design, development, or — 
work with private company in power and machinery field. — - 
agricultural engineering expected June 1948, Michigan State xa — 
Experience with Kuhlman Electric Co. in transformer manutecs 
yrs. One summer, drafting, Bay City Shovels. Part time — 4 
agricultural engineering department, Michigan State College, aan 
present. Army enlisted and non-commissioned experience 4 13? 
disability. Available July 1. Married. Age 31. Salary open. W-15 


(Continued on page 184) 
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For greater fire safety on the farm 
...Johns-Manville Building Materials 


abetles Hip 


—LAST 35 YEARS PLUS! Fireproof, rotproof, weatherproof. 
Thousands have already been in service 35 years. No signs 
they won’t last another 35 years or more! New American 
Colonial design is the most beautiful ever developed. Easy 


to apply. 


STRONG AND TOUGH: Time-tested sheet material of 
asbestos and cement, can be used outdoors, indoors... 
is rodentproof, fireproof, sanitary. Saws and nails like 
wood, never needs preservative treatment. So flexible 
it can be used on curved surfaces. 


SUPERIOR INSULATION: Keeps farm building 
temperatures more uniform ... helps produce more 
milk, more eggs, more weight per pound of feed. 
Easily installed, fits snugly, will not settle. And it’s 
fireproof ... you can’t burn it even with a blow 
torch. 


Other Johns-Manville building products for the farm 
include Asbestos Siding Shingles; Asphalt Shingles; 
Asphalt Roll Roofing; Insulating Board; Roof Coat- 
ings and Putties. Write for the “Farm Idea Book” or 
special information on the use of J-M products for any 
farm building. J-M will gladly work with you to the 
full extent of its facilities. Address Johns-Manville, 
Farm Division, Box 290, New York 16, N. Y. 


*Reg. U. S. Pat. Off. 


JOHNS-MANVILLE 
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for 
FARM TRAILERS OLSON MANAGEMENT SERVICE 
TRACTORS Drainage and Erosion Control Engineering, Structure Design, 


CORN PICKERS Farm Architectural Service, Work Simplification Studies, 
Product Application Engineering, Management, Soil Surveys, 


and Testing. 
904 W. Stephenson St., Freeport, Ill. 


Tel. State 2601 


——_— 


GEORGE BR. SHIER ROBT. J. McCALL 
Professional Agricultural Engineering Services 


Structures, Ventilation, Drying, Machinery Development 
and Sales Consultation, Engineering Design 


Members A.S.A.E. Room 705, 8 E. Broad St., Columbus 15, Ohio 


The very wheel— 


or wheels—you require 


FRANK J. ZINK ASSOCIATES 
Agricultural Engineers 
Consultants on product development, designs, research, 
market research, public relations 


FELLOW A.S.A.E. Suite 4300, Board of Trad 
MEMBER 8.A.E. Telephone: Harrison 0723 ' Chleago 4, a 3 


may be found in our stead- 

ily increasing line of STANDARD 
DISCS and HUBS. IF SO—you can 
SAVE on COST and DELIVERY TIME, 
Investigate! 


2104 4 WASHER 4 REG, 
Sees 
||| 2108 F BOLT 4 Ree. 


REAR WHEEL 
FOR LIGHT TRACTOR 


RATES: Announcements under the heading ‘‘Professional Directory’ in 
AGRICULTURAL ENGINEERING will be inserted at the fiat rate of 
$1.00 per line per issue; 50 cents per line to A.S.A.E. members. Mini- 
mum charge, four-line basis. Uniform style setup. Copy must be 
received by first of month of publication. “ 


PERSONNEL SERVICE BULLETIN 


(Contiued from page 182) 


AGRICULTURAL ENGINEER desires developent, research, or 
service work in power and machinery or rural electric field. BS deg in 
agriculture, University of Toronto, 1935. Lifetime farm background in 
power machinery. Owned and operated general farm 10 yrs. Taught 
short courses in agricultural engineering at Ontario Agricultural College. 
No disability. Available June 1. Married. Age 35. Salary open. W-158 


AGRICULTURAL ENGINEER desires research work in power and 
machinery with emphasis on chemical weed and grass control. BS deg 
in agricultural engineering, Mississippi State College, expected in May. 
Farm background and 3 yrs measuring land with Agricultura! Adjust- 
ment Administration. War service, 3% yrs in Army Air Force, includ- 
ing 2% yrs as commissioned pilot. No disability. Available June 1. 
Married. Age 26. Salary open. W-159 


AGRICULTURAL ENGINEER desires work in soil and water or 
farm structures field with private company. BS deg in agriculture with 
major in agricultural engineering expected in June, University of Wis- 
consin. Farm background. Active in FFA, 4-H, and vocational agri- 
culture while in high school. War enlisted and noncommissioned service 
in Artillery, ASTP, and Air Force 4 yrs, including duty as airplane 
mechanic, instructor in airplane mechanics, supervisor, and in technical 
inspection. No disability. Available June 1. Married. Age 25. Salary 
open. W-160 


AGRICULTURAL ENGINEER desires design, development, or re- 
search in power and machinery field with private company in midwest- 
ern or western location. BS deg in agricultural engineering, University 
of Nebraska, June 1941. Graduate work at Illinois Institute of Tech- 
nology. MS deg in mechanical engineering (machine design), expected 
in June. Experience in tractor testing 1 yr, design, 6 yrs. War work 
on military tractor. Experienced in stress analysis, specifying materials, 


and FA 


or 


“JUST A HAMMER TO APPLY IT" 


ALLIGATOR 


Trade Mark Reg. U. S. Pat. Office 


STEEL BELT LACING 


World famed in general serv- 
ice for strength and long life. A 
flexible steel-hinged joint, smooth 
on both sides. 12 sizes. Made in 


| FLEXCO (E-11D 


steel, ‘Monel Metal” and non- 
Long len m4 


magnetic alloys. 
supplied if needed. Bulletin 
gives complete details. 


BELT FASTENERS AND RIP PLATES 


For conveyor and elevator belts 
of all thicknesses, makes a tight 
butt joint of great strength and 
durability. Compresses belt ends 
between toothed cupped plates. 
Templates and FLEXCO Clips 
speed application. 6 sizes. Made 

steel, “Monel Metal”, non- 


“CONVEYOR BELTS EAS! 
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magnetic and abrasion resisting 
alloys. 

By using Flexco HD Rip Plates, 
damaged conveyor belting can be 
returned to satisfactory service. 
The extra length gives a long 
grip on edges of rip or patch. 
Flexco Tools and Rip Plate Tool 
are used. For complete 
information ask for 
Bulletin F-100. 


Sold by supply houses 
everywhere 


— LACING: 


4677 Lexington St. 
Chicago, ll. 


developing ideas, and supervising draftsmen. 
on one month notice. 


Married. Age 30. 


No disability. Available 
Salary open. W-161 


AGRICULTURAL ENGINEER desires design and development work 
in power and machinery field. BS deg in agricultural engineering eX- 


pected in June, Pennsylvania State College. 


Dairy farm background. 


One summer as timekeeper and laborer on highway construction. War 


service 3% years in Air Corps communications. 
Married. Age 25. 


AGRICULTURAL ENGINEER desires sales, 


able July 1. 


No disability. Avail- 
Salary open. W-162 
research, or develop- 


ment work in rural electric or product processing field. BS «cg in elec- 


trical engineering, University of Michigan, 1947. MS deg in “+ 
engineering, Michigan State College, to be awarded in Jun: 


ments already completed. 


winters, 1937-41. 


ricultural 
Require- 


Farming four summers and part time in 
Accounting 3 mo. 


Farm machinery cost survey in 


Michigan, 3 mo. Naval enlisted and commissioned service, ° yrs, with 


engineering duty. 


No disability. 
Salary $3600-4000. W-163 


Available now. Married. Age 24- 


AGRICULTURAL ENGINEER desires design, development, teaching, 


research, or project engineering, 


in power and machinery. soil and 


water, or product processing field. BS deg, 1939, Southwestern Institut 
of Technology. BS deg, 1946, Oklahoma A. & M. College. MS ceg, 1947, 


A. & M. College of Texas. 


War commissioned service in U. 


S. Navy 


3% yrs. Experience in farm management, land clearing, and :arm ma- 
chine custom service, one year; research, SCS Hydraulic Laboratory, 
one year; teaching, in high school and college, 3% yrs. No disability. 
Available May 1. Married. Age 30. Salary $4500. W-164 


AGRICULTURAL ENGINEER desires teaching and research in 


agricultural engineering field. BS deg in agricultural educati yn, 
BS deg in agricultural engineering, 1948, Ohio State University. 


1947; 
Experi- 


ence as carpenter 1% yrs; farming 10 yrs; and industry 1% yrs (re 
tion of large production equipment in close tolerance machining a 
enlisted service in Signal Corps, including 16 months electrical training. 


No disability. Available July 1. 


Married. Age 28. Salary open. W-165 


AGRICULTURAL ENGINEERING for April 1948 


rr ee 7 ee ee ee ee ee 4. Pe " para oT (eee 
1 gee er ee aR eI RET Ny Pie af ee aa er s 
tor 3 sed BM, lee nc Po ee ing | ee : Or mse 
A aa Rem 3 er ES PS er ae ; Fe tase os Sa Se i 
ey Ae : ee ae ie Boe Ss SR pee Neem eee Oi oe : [oa ea ee ee eats : ae af Saat hae i Ose Peer cr 0! cee " ah flataaie 
oe The WHEELS You Need Ss 
eae e | ou Need _ 2 , a eee 
ke Rees = me 
ea: Ee Sa a ' 
ee ao. ll ee Nes ines | : , 
aie : 
Ree ' 
jas ae : 
eMac q 
ae DRILLS me SD oo. 
ETC. aCe SF oe Pe 
49 eS ea 
lhe s 4 . fe ri gt 4 % 75 BRACKET & RiM ASSY, 
: oo ee ae a in ee | / wonm be Am “4 
Sipe tea oe , N 
RE B wie oe fog ‘S851 OSC 
ae a mee gt ix $0. WOLE-4 RE Po 
aes oP \ | a 
eee 5 ae Pe eae 
; oy ae wast a #3 ; - 
ee ae x 
5 Hp test 
BS r ee 
= PF 
re Write for Our Production Items 
ae é er 0 lg eg mele Ae Al ge i acs: ce oe 3 Renee ee 
i sa ee : jeg BP ae ae —EEII>IlC*“i IC  =_=_=—=—=—_—_—_——_——- 
Bt, 14 juste” | denies tars ais des, Th Teta CRE hd meas ele aL A aC 
vege, eae yarn i oer ie, © | RB ee cide gs ND oe 
ai ee ee a ee SN ae, are ane ee 
ee - KELSEY-HAYES WHEEL COMPANY — 
eS a Pee eee eee aie ies ty gah fem eo ae WM gst eo ormccrse © 
es. Ck BA VEN PORT. -OOW A. 
ae — * Wheel Builders Since 1888 
 % See ee Oe an. mae ee 
tg - ae 
ie ne COO? 
i es” — 4a 
| * ' — — 3 ae gee , : 
= a5 SSR oo ne eee a a: ae cs ra: \yib a5 
* , a ‘i 3 ce am ae ‘ Teen or 
“Uae STENERS [OS PRR ee 
ae o7 wrensmission [|—§ $= Sm 2a: D. 
es. ae NCR a tt SN oR ier el Bree) gah oo oe 
2 ie aes ae eee ee | — 
ese RR PR oa Dh pte ei CORRE ee % Beis 2 See — 
5a a Fe: eet ee y Bs cher — 
ee conveyor belts fo SS 
ee no ae ; 
iste i Pd 
ue8 
a 2 fs — 
tie ay * . a. FLEXIBLE ; 
ea ae  eee gh e ie Bets 
ie aaa aa =~ aaa : os ie it a 
cst € Se ol, ° a ger, she bo « Molen 
Ses. Sl we * os | = ae a EEE 
Temi: - Po EES pie <<a > 
Mo 
= = eC 
<a 
‘| aes 
ee! ey 
a os 
a 
Bees el 
: eh ees We a a Ni Se i ee eae. Pia cts ea 7 oa F 
Dag eee te is Vaeo oo = oa Sate Be a oH oe eats ‘ 
ie Se See ~ ie ae tl md Se Tas a aoe | ities Pa : , 7 : 
Br eel 5 ee ae oa tes Fait ae a Oe ees ois te 


